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ABSTRACT 
Functional sensibility which provides the ability of the hand to 
manipulate and identify objects even in the absence of vision is an 
important constituent in overall hand function. The well documented 
sensibility testing for functional sensibility are cutaneous pressure 
threshold test, and moving and constant two-point discrimination 
test. Following nerve injury, it is frequently observed that the 
recovery of functional sensibility is not always promising or 
predictable. This phenomenon was confirmed by a retrospective 
study in which 75 cases of peripheral nerve-injuries were reviewed, 
using the British Medical Research Council (MRC) criteria for 
grading recoveries. The result showed that recovery of functional 
sensibility at the end of rehabilitation was frequently unsatisfactory, 
most of them attained S2 to S3, and sensory rehabilitation program 
was infrequently provided to nerve-injury patients, especially in 
digital nerve injury. On the basis of this, 14 patients with 15 injured 
digital nerves were specifically recruited and followed up 
longitudinally from three weeks to six months after surgical repair. 
These patients did not receive any sensory re-education. Different 
variables that would affect the sensibility recovery were carefully 
examined by midtiple variates analysis, including associated injuries, 
mechanism of injury, level of injury, smoking habit and age of 
patient. In consistent with the retrospective study, the result of 
sensibility recovery in this group of patients was also poor. Besides, 
it revealed that the age at time of injury and the level of injury were 
two main factors that were most likely to diminish the recovery of 
functional sensibility. 
A study to obtain normative data of submodalities of functional 
sensibility was carried out to provide an accurate database for end-
result evaluation in the main study. Cutaneous pressure threshold, 
moving and constant two-point discrimination between different sex 
and of different age groups were collected from 100 Chinese 
individuals, including 1000 digits. The relationships of functional 
sensibility submodalities with skin hardness and occupation were also 
compared. This study not only provided comprehensive normative 
data about submodalities of functional sensibility of the hand，but 
also showed an age-related reduction of functional sensibility. A 
reduction of the number of peripheral nerve fibres and the 
innervation density of mechanoreceptors could be the main reason to 
explain a reduction in tactile sensibility. No correlation was found 
between skin hardness, occupations, cutaneous pressure threshold, 
moving and constant two-point discrimination by multiple variates 
analysis. 
The main component of the study was a prospective randomised 
study to evaluate whether or not early tactile stimulation in the 
rehabilitation of digital nerve injury is beneficial to improve its 
functional recovery. Two specific tactile stimulators were made and 
prescribed for digital nerve-injury patients. The program started at 
three weeks after repair and completed at six months. A total of 24 
patients (20 male and 4 female, mean age 42 years) with thirty-two 
digital nerve injuries received the prescribed tactile stimulators, 
while another 25 patients (18 male and 7 female, mean age 38 years) 
with thirty-three digital nerve injuries served as controls that 
received only conventional therapy. Four classes of injuries were 
defined: nerve; nerve with tendon; nerve with bone; nerve with both 
tendon and bone. There was a better recovery of functional 
sensibility in the experimental group in terms of moving two-point 
discrimination and constant two-point discrimination, although there 
was some variation between different classes of injuries, with least 
benefit was observed in the combined nerve, tendon and bone injury 
class. When considered separately, no difference was observed 
among the different classes of injuries in either the experimental or 
control group. In conclusion, results of the main study confirmed 
that early tactile stimulation is beneficial in digital nerve injury. The 
programme as described in this study could be recommended as an 




I.1 JUSTIFICATION OF RESEARCH 
Peripheral nerve injury is a very common upper extremity injury. 
Each year in the United States, upper extremity injury accounts for 
16 million days lost from work and 90 million days of restricted 
activity (Dellon & Clayton，1983). In Hong Kong, there is no 
statistical data reporting how many number of people suffering from 
upper extremity injuries are peripheral nerve injuries. However, 
II.4% of total patient that attending Department of Orthopaedics and 
Traumatology of Prince of Wales Hospital in 1991-1992 were 
recorded as suffering from peripheral nerve injuries. 
With the advent of microsurgical nerve suturing technique especially 
perineurial repair and the use of fine instruments, nowadays nerve 
repair can be done in an optimal condition. However, when records 
of all peripheral nerve-injury patients in 1991-1992 in Prince of 
Wales Hospital were retrieved with the objectives to review the 
extent of sensibility recovery at the end of rehabilitation program 
and the effectiveness of sensory retraining or rehabilitation in nerve 
injuries of the hand, most of the patients were found to recover to S2 
to S3 grades according to MRC grading only. This indicated that 
there was no return of functional sensibility. Only those patients that 
had received sensory re-education in their rehabilitation program 
can recover normal functional sensibility. Many factors can be 
attributed to this poor retum of functional sensibility. From pure 
physical sense, there is frequent loss of nerve tissue at the site of 
injury which changes the fascicular pattern between the proximal and 
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distal ends. From morphological point of view, internal plexus 
formation within the nerve causing further difficulty in fascicular 
nerve suturing. Moreover, poor return of functional sensibility is 
frequently attributed to other factors that are unavoidable such as 
mismatch and misdirection of regenerating axons into a different 
topographic area or inappropriate sensory end-organs, scar 
formation at the suture site, deposition of collagen fibrils during 
Wallerian degeneration, the degree of injury to parent neurone and 
degeneration of end-organs. In addition, factors related to the age of 
the patient, level of injury and mechanism of injury are all well 
documented factors that affect the results of sensibility recovery. As 
a result, a stimulus will give rise to a different profile of nerve 
impulses and reach the somatosensory cortex to form a distorted 
somatotrophic map. Some authors had pointed out that complete 
functional recovery of peripheral nerve repair is impossible (Hung, 
1986; DeMedinaceli & Seaber，1989) Nevertheless, "sensory 
retraining" / "rehabilitation" after peripheral nerve injury is still 
neglected. Effort is justifiably spent in an attempt to obtain good 
range of motion in joints and strength of muscles which are more 
easy to achieve. The progress and final result of sensibility is rather 
difficult to be predicted. The varieties of peripheral nerve injury can 
range from digital nerve laceration to brachial plexus injury. Digital 
nerve injury is all along thought to be the most simplest peripheral 
nerve injury. Hence, it is usually overlooked. Fourteen patients with 
fifteen digital nerve-injury were followed up longitudinally from 3 
weeks to six months after operation. At the end of six months which 
was the recommended cut-out point for determining the results of 
digital nerve repair (Sullivan, 1985; Chow & Ng，1993 and Chiu, 
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1995), recovery of functional sensibility was poor and the overall 
grading of sensibility recovery was S2 to S3, similar to the 
retrospective study. In daily clinical experience, an insensate 
fingertip, either one side or both sides, is very annoying to a patient. 
It is explicit for those patients who frequently engage in fine hand 
manipulative tasks. Moberg (1958) viewed hand functions as the 
ability of the hand to carry out grips. A precision sensory grip 
would permit someone to sew a needle whereas a gross sensory grip 
would permit someone to hold a bottle or a hammer. Without 
functional sensibility, a worker can hardly pick up a small object, 
and he constantly drops things from his grasp as he does not know 
how much force is required to hold the tiny object. Consequently, 
hand function, work capability or even skill in daily livings are 
affected. Sensory re-education is the most common term referred to 
any mode of sensory retraining or rehabilitation in nerve injuries. It 
is a remedial intervention to allow the nerve-injured patient to 
achieve the potential for maximum functional recovery. It is a 
method or combination of techniques that help patient with a sensory 
impairment learn to re-interpret the altered profile of neural 
impulses (Dellon, 1981). The theoretical mechanism of sensory re-
education is based on theory of brain plasticity since our brain can 
reorganise in some ways in response to experience-related activity 
after peripheral nerve injury. Although it has been generally 
accepted that sensory reeducation is efficacious, but few reports in 
the literature have been published which provide prospective data 
with controls to test the technique especially its application in digital 
nerve injuries. Since digital nerve is the most frequently injured 
peripheral nerve, so the purpose of this study is to develop a 
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structural program and technique in the rehabilitation of digital 
nerve injury so as to improve sensibility recovery especially 
functional sensibility which emphasizing the ability of the hand to 
manipulating and identifying object with vision occluded. 
1.2 STRUCTURE OF THESIS 
This thesis is comprised of seven chapters. In chapter one, 
justification was made to explain the reason why sensory 
rehabilitation is an essential part in an integral rehabilitation 
program for peripheral nerve injuries. Moreover, sensory 
rehabilitation isjustified in digital nerve injury. 
In chapter two, literature were reviewed in five important aspects 
including anatomy of digital nerve, factors affecting results of 
sensibility recovery, neurophysiology of nerve fibre and its 
correspondent mechanoreceptors， neurophysiology of tactile 
stimulation and its application on peripheral nerve injury. The 
standardised method of application and rationale for selected 
sensibility testing of functional sensibility for end results evaluation 
throughout all studies were described. 
In chapter three, the details of the respective study in investigating 
the sensibility recovery of peripheral nerve injuries was reported. 
In chapter four, special attention was played on the sensibility 
recovery of digital nerve injury. In addition, preoperative factors 
such as the age and smoking habit of the patient, level of injury, 
mechanism of injury and different associated injuries were analysed 
by statistical method to determine their effect on the sensibility 
recovery of digital nerve injury. 
4 
In chapter five, a comprehensive study was carried out to determine 
the relationships between skin hardness, cutaneous pressure threshold 
and two-point discrimination of different sex, age and occupations of 
Chinese people in an attempt to fmd out the normative data of the 
above mentioned sensibility tests in Chinese population so as to 
provide a more valid data for comparison. Furthermore, Multiple 
variates analysis were used to see the contribution of skin hardness, 
age and occupations in prediction of tactile sensibility of an 
individual. 
In chapter six, the main study regarding the effect of using tactile 
stimulation in rehabilitation of digital nerve injury was reported. 
Various confounding variables that were concluded from chapter 
four and five were taken into consideration in determining the 
specific effect of tactile stimulation in the sensibility recovery of 
digital nerve injuries. 
In chapter seven, conclusions and recommendations were made 
including any limitations and potential factors that would affect the 
result of studies as well as the ways to improve the confidence of the 
results. In addition, any possible research areas that may be 




2.1 ANATOMY OF PALMAR DIGITAL NERVES 
The sensibility of the palmar digits is supplied by both branches of 
median and ulnar nerve. The median nerve enters the palm beneath 
the flexor retinaculum and immediately divides into lateral and 
medial branches. The cutaneous branches from the lateral branch 
supply sensibility to both sides of the anterior surface of the thumb 
and the lateral side of the index finger. Besides, The cutaneous 
branches from the medial branch supply the sensibility to the 
adjacent sides of the index and middle fingers and lateral side of the 
ring finger. Ulnar nerve, however, enters the palm anterior to the 
flexor retinaculum alongside the lateral border of the pisiform bone. 
As it crosses the retinaculurr^ it divides into superficial and deep 
terminal branch. The cutaneous branches from the superficial branch 
supply the sensibility to medial side of the little finger and the 
adjacent sides of the little and ring fingers. A little beyond the base 
of the distal phalanx, the digital nerve gives off a branch passing 
dorsally to supply the nail bed while the main nerve divides into 
branches supplying the terminal part of the digit and the pulp 
(Figure 2.1). Wallace & Coupland (1975) after dissecting 25 
embalmed thumbs and 50 embalmed index fingers, pointed out that 
the palmar digital nerves to the thumb were constant in position and 
course. At the level of the distal digital crease each nerve divided 
into three or four branches to supply both the pulp and the nail bed 
and this was supported by Chow (1980). But, a short lateral 
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cutaneous branch from the radial palmar digital nerve may exist to 
supply the skin over the radial side of the first metacarpophalangeal 
joint. Moreover, there was much variations in palmar digital nerves 
to the index finger. 37 dissecting index finger showed a dorsal 
branch which passed either deep or superficial to the digital artery to 
supply sensibility of the dorsum of the finger. Furthermore, the 
course and branches of the radial side of the index finger was most 
constant than the ulnar side. Zenn et al. (1992) also supported that 
some variations were noted in the index finger in overall distribution 
but there was no significant differences existed between other digits 
or between the radial and ulnar sides of each digit. In most of the 
cases the median nerve supplies palmar cutaneous digital branches to 
the thumb, index, middle and lateral side of the ring finger. 
However, in some cases the lateral side of the ring finger is supplied 
by the ulnar nerve, that is, a communicating branch exists between 
fourth and third common digital nerve. Meals & Shaner (1983) 
dissected 50 palms to study the surgical anatomy of this 
communicating branch. They found that 40 of the 50 dissected palms 
showed such communicating branch. Hence, in order to rule out any 
variations in the nerves of the fingers and to accurately outline the 
deficit area, the technique of geographic mapping advocated by 
Poppen et al. (1979) was utilised to determine deficit area 
throughout the longitudinal and main study. With this technique, the 
edge of a paper clip was used to map out the area of decreased 
sensation (Figure 2.2 & 2.3 ) Subsequent sensory testing will assess 
any sensibility changes with the deficit area, for example, Figure 2.4 





Figure 2.1. Distribution of palmar digital nerve of hand 
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Figure 2.3. The deficit area was outlined 
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Figure 2.4. Assessment of constant 2-point discrimination within 
deficit area 
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2.2 FACTORS AFFECTING RESULTS OF SENSIBILITY 
RECOVERY 
Factors that influence the recovery of sensibility following a digital 
nerve repair can be classified as 1) preoperative factors; 2) 
intraoperative factors, and 3) postoperative factors. 
1) Preoperative factors were all predetermined at the time of injury 
such as age, associated illness, level of injury, and mechanism of 
injury. 
• Age 
Age of the patient at the time of injury is one of the predominant 
factor affecting the result of sensibility recovery of digital nerve 
repair. Honner et al. (1970) pointed out that patient under twenty 
years of age had a high proportion of good results whereas patients 
over 40 years of age had a proportion of poor results. In addition, 
Young et al. (1981) substantiated that age was the factor that 
correlated most closely with the return of sensory function following 
digital nerve repair. They observed that if a patient was less than 20 
years of age at the time of the repair, there was about an 80% chance 
of achieving useful two-point discrimination. Over 40 years of age, 
there was essentially no chance of achieving useful two-point 
discrimination, but return of protective sensation. Furthermore, 
there were many authors concluded that following repair of a 
divided digital nerve, normal sensibility will never be regained and 
the complete recovery is to be expected only in children (Poppen et 
al, 1979; Sullivan, 1985; Altissimi et al, 1991; John et al, 1991; 
Goldie et al, 1992; Al-Ghazal et al, 1994). Rosen et al. (1994) 
pointed out that the superior capacity in children to re-learn 
sensation is much better than adults, just like to re-program the 
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"brain-computer". The virtue of brain plasticity play an important 
role in the result after nerve repair. 
• Associated injuries 
Associated injuries included flexor tendon lacerations, vascular 
injuries, fracture and any skin loss would complicate the injuries and 
deter the normal sensibility recovery. Mailander et al. (1989) 
reported that those patients who had only a nerve injury recovered 
better sensibility that those patients who had a combination of nerve, 
muscle, tendon and bone injuries. 
• Level of injury 
The more distal of the injury, the faster is the recovery of 
sensibility. Honner et al. (1970) stated that the result was better in 
those with a division of the nerve distal to the proximal 
interphalangeal crease. It is believed that the shorter distance from 
the level of injury to the finger, the quicker re-establishment of 
sensory receptor connections (Glickman et al, 1990). 
• Mechanism of inj ury 
Altissimi et al. (1991) reported that sensibility recovery is mainly 
influenced by mechanism of injury. It is apparent that the simple 
clean division has a much better chance of a good result than the 
contaminated wound with widespread tissue damage. Sharp nerve 
severance recovered faster than nerve crush or avulsion injuries 
O^amauchi et al, 1983) as the severity of the retrograde changes is 
directly proportional to the severity of the injury so that avulsion 
injury would cause more chromatolysis than laceration (Dellon, 
1981). 
2) Intraoperative factors depend on the surgeon's experience, 
technique, and timing of surgery. 
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It is understandable that the surgeon's experience and the technique 
chosen are very critical in the final outcome of the nerve repair. 
With the advent of fascicular (perineurial) technique, our surgeons 
can have more options in determining type of nerve repairing 
technique. Even though fascicular nerve repair is thought can 
achieve better results ( Salvi, 1973; Nakatsuchi et al，1980). 
However, many authors commented that fascicular nerve repairs 
produce almost identical results to epineurial repairs in digital nerve 
injury (Tupper et al, 1986). Perhaps, it may be due to digital nerve 
contain only 3 or 4 fascicles and minimal perineural tissue. Simple 
epineurial repairs can already facilitate proper alignment and axial 
orientation of fascicles (Young et al, 1981). In addition, less surgical 
trauma can be avoided in epineurial repairs as meticulous dissection 
are required in fascicular nerve repairs to expose the individual 
fascicles. If a gap is present between two ends, nerve grafting is 
necessary. There are many alternative methods to bridge a nerve gap 
such as arteries, veins, pseudosynovial sheaths, skeletal muscle, 
empty perineurial tubes, and numerous synthetic tubes (Walton et al, 
1987). With respect to the timing of surgery, DeMedinaceli & Seaber 
(1989) said that the optimal conditions seem to be present for a few 
hours after nerve injury. As time goes by, physical and chemical 
disruption of the nerve tips bring about disintegration of the 
"microskeleton of the nerve". It, therefore, becomes more and more 
difficult to obtain proper axonal alignment. 
3) Postoperative factors refer to any postoperative sensory 
rehabilitation and factors that relate to the patients themselves. 
Because of the mismatch and misdirection of regenerating axon into 
a different topographic area, after division and repair of a peripheral 
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nerve, a stimulus will give rise to a different profile of nerve 
impulses and reach the somatosensory cortical to form a distorted 
somatotrophic map. A phenomena of false localisation or even loss 
of tactile gnosis resulted. Following sensory reeducation, these 
cortical changes can retum to a more normal level. By definition, 
sensory reeducation is a method or combination of techniques that 
help patient with a sensory impairment learn to re-interpret the 
altered profile of neural impulses reaching his conscious level after 
his injured hand has been stimulated (Dellon, 1981). It is an attempt 
to maximise return of sensory function through the use of specific 
activities (Palmer, 1989). Terzis (1990) reported that without 
sensory retraining, the patient remains confused and unable to 
interpret these new patterns of sensory input. On the other hand, a 
single axon may regenerate and reinnervate a single corpuscle 
appropriately and mature sufficiently so that the threshold for 
initiating an action potential in this single fibre/receptor unit is near 
normal, but there may be few other such units in the digit ( a low 
peripheral innervation density). Thus, normal threshold but poor 
function is present as good function requires a high innervation 
density. Dellon & Kalman (1983) stated that a low innervation 
density at present can only be aided through rehabilitation, such as 
sensory reeducation. Furthermore, Dellon & Munger (1983) had 
conducted a correlational study between histology and sensibility 
after nerve repair. They commented that if the patient had not 
received sensory reeducation, the observed sensory end-organs in the 
elliptical biopsy after nerve injury were not correlated with the 
appropriate test of sensibility. Indeed, there are many authors had 
reported that postoperative sensory reeducation is very important in 
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making the results much better after nerve repair (Wynn Parry, 
1980; Hung et al, 1986; Imai et al, 1989; Leung, 1989; Mailander et 
al, 1989; Vitkus et al, 1989; Glickman & Mackinnon, 1990; Chiu et 
al, 1995; Shieh et al, 1995; Wei & Ma, 1995). 
On the other hand, Honner et al. (1970) said that best results of the 
sensibility recovery were obtained in skilled or dextrous worker, 
compared with semi-skilled, heavy manual labourer and housewives. 
Patient'sjob nature can provide certain degree of sensory retraining 
to them. Wynn Parry & Salter (1976) noted that the more skilled the 
patient and the more they used their hand, the more likely they were 
to maintain their improvement after sensory training. Nevertheless, 
patient's compliance and co-operation in rehabilitation, smoking 
habit (resulted in decreased blood flow across a repaired nerve) of 
the patient are also the factors that might affect the final results of a 
nerve repair. 
In addition, from pure physical sense, there is the frequent loss of 
nervous tissue at the site of injury which changes the fascicular 
pattern between the proximal and distal ends. From morphological 
point of view, internal plexus formation within the nerve causing 
further difficulty in fascicular nerve suturing. From 
neurophysiological point of view, the factors that attribute to the 
poor return of functional sensibility are listed as follows: 
• Mismatch & misdirection of regenerating axon: 
During axonal regeneration, a certain number of regenerating axon 
will enter the epineurial or perineurial tissue and fail to regenerate 
distally but will become misdirected into a different topographic 
area. However, a certain number of axons will regenerate into the 
correct topographic location but will fail to reinnervate their 
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appropriate sensory end-organ so that a quickly adapting fibre that 
previously innervated a Meissner corpuscle may regenerate and 
either will fail to reinnervate an end-organ or will reinnervate a 
Merkel cell-neurite complex. Moreover, each fascicle is usually 
comprised of motor, sensory and sympathetic fibre in varying 
proportions, and each fibre is housed in an endoneurial sheath. Even 
if an axon does enter a functionally similar sheath, chances are that it 
will not enter the same sheath as previously, and therefore the spatial 
organization of the nerve will be altered. 
• Scar formation at the suture site: 
Scar formation between the proximal and distal ends of coapted 
nerve physically blocks the forward growth of the axons and causes 
the nerve growth cone to branch, divert, turn back, or terminate. 
Then there will be the group of axons that either never cross the 
suture line and grow out of the epineurium to form a neuroma, or 
grow distally into the epi-, peri-, or endoneurial connective tissue. 
• Deposition of collagen fibrils: 
During Wallerian degeneration and proximal axonal regeneration, 
collagen fibrils are deposited externally to the persisting basal lamina 
tubes, especially near the site of axonal severance. Deposition 
continues until degeneration is complete. The more time it takes for 
the distal nerve stump to become reinnervated, the more collagen is 
laid down. Consequently, the thickened endoneurial tube decreased in 
internal diameter. Not only does this thickening decrease the 
available potential area for axonal re-entry, but the thickened tubes 
create a local constriction of the growing axon. 
• Degree of injury to parent neuron: 
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Injury to nerve axons causes injury to the parent neurons. The 
higher the level of the initial injury, the greater the retrograde 
damage to the parent cells. The health of the parent cell, in turn, 
influences the quantity and diameter of the regenerating axons. 
• Degeneration of end-organ: 
Some axon will regenerate and arrive to find an irreversibly 
degenerated end-organ. 
As a result, the functional result of repair of a severed peripheral 
nerve is actually not always predictable, even though it has been 
performed under the most optimal conditions with the most 
meticulous techniques (Hung, 1986). 
2.3 NEUROPHYSIOLOGY OF TACTILE SENSIBILITY 
Tactile sensibility is very important in our daily interactive live. The 
functional design of the peripheral and central nervous system enable 
us to transmit sensory information from the environment to the 
brain for proper action taking. The sensory part of the "information-
transmission" pathway comprise of many sensory units in which each 
unit includes a neuron located in its peripheral afferent fibres, in the 
dorsal spinal ganglion and its central termination in the central 
nervous system. There are three sensory end organs that serve as the 
mechanoreceptors to transduce touch stimuli, namely Merkel cell-
neurite complexes, Meissner corpuscles and Pacinian corpuscles. 
They are all belong to type A-beta myelinated fibre with the 
diameter of 10-15jxm. In addition, it could be subdivided into 
slowly-adapting population and quickly-adapting population. Dellon 
(1981) pointed out that a fibre is termed slowly-adapting if its 
impulse response continues throughout the stimulus duration whereas 
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a fibre is termed as quickly-adapting if its impulse response drops 
off rapidly to zero. In order words, slowly-adapting fibre fire on 
presentation of a stimulus and continue to discharge impulses as long 
as the stimulus is present but quickly-adapting fibre will enccxie 
cutaneous stimuli by transmitting a rapid burst of signals after a 
stimulus is applied. Despite continued presence of the stimulus, no 
further impulse transmission occurs (Levin et al, 1989). Merkel cell-
neurite complexes are the mechanoreceptor for the slowly-adapting 
fibre which lie adjacent to the dermal rete pegs. On the other hand, 
Meissner corpuscles and Pacinian corpuscles are the 
mechanoreceptor for the quicMy-adapting fibre which lie just below 
epidermis and deep in subcutaneous respectively. Apart from the 
difference in the anatomic localisation, the axon to corpuscles ratio 
are different. Morphologically, there are multiple fibre innervation 
of a Meissner corpuscles , single fibre innervation of a Pacinian 
corpuscles and single fibre innervation of more than one Merkel 
cell-neurite complexes (Figure 2.5). Furthermore, they differ in 
receptive-field properties. Meissner corpuscles are identified on the 
basis of small receptive fields with distinct boundaries, whereas 
Pacinian corpuscles have larger receptive field with poorly localised 
borders and Merkel cell-neurite show small and localised receptive 
field (Gardner & Pahner，1989a). Besides, Merkel cell-neurite 
complexes are sensitive to constant-touch, pressure and static 
component of tactile gnosis so that they are responsible for fingertip 
touch, Von Frey hair test and static 2 point discrimination test. 
However, Pacinian corpuscle and Meissner corpuscles are sensitive to 
moving-touch, flutter, vibration and moving component of tactile 
gnosis. The clinical tests that they are responsible for including 
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fingertip stroking, 30-cps and 256-cps vibration test and moving 2 
point discrimination. Table 2.1 summarised the submodality specific 
fibre/receptor and corresponding sensibility testing. 
~NerveFibre Mechanoreceptor Sensation Clinical Test 
Slowly-adapting Merkel cell-neunU^"""1. Constant-touch l.Fingertiptouch complex 2. Pressure 2. VonFreyhair ^ 3. Tactile gnosis 3. Static 2 point (static) discrimination 
OuicMy-adapting Meissnercorpuscle~"1. Moving-touch 1. Finger stroking~ 乂 � ^ 2. Flutter 2.30-cps vibration 3. Tactile gnosis 3. Moving 2 point (moving) discrimination 
Ouickly-adapting Paciniancorpuscle 1. Moving-touch 1. Finger stroking~ 乂 J ^ b 2. Vibration 2.256-cps vibration 3‘ Tactile gnosis 3. Moving 2 point (moving) discrimination 
Table 2.1 
After the tactile stimulation is organised according to submodality 
specific fibre and receptor system; these fibres are actually the first 
order afferent and their proximal connections end within the central 
nervous system, it will synapse with the second order afferent fibre 
through the medial lemniscal pathway to reach the 
.ventroposterolateral nuclei of the thalamus. The ventroposterolateral 
nuclei contains a detailed representation of the contralateral body and 
that its neurons which is the third order afferent were highly specific 
as regards of the area of skin stimulated and sensory submodality. 
The body shape is distorted on the surface of the thalamus as it is 
proportionate to the peripheral innervation density. From the 
thalamus, the submodality specificity is projected to somatosensory 
cortex, postcentral gyrus in particular. The surface of the postcentral 
gyrus can be divided by the cytoarchitecture gradient that extends 
from anterior area 3，to the rostral half of the gyrus surface, area 1, 
and to the caudal half of the gyms surface, area 2. The areas 3 and 1 
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contain neurons that activated by skin stimulation (Figure 2.6) in 
which the tactile stimulation is interpreted. 
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Figure 2.6. Topographical representation of the hand surface in 
postcentral gyrus, (adapted from Dellon, 1981) 
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2.4 TACTILE STIMULATION IN PERIPHERAL NERVE 
INJURIES 
In section 2.2, I had pointed out that there are many factors affecting 
the results of sensibility recovery of peripheral nerve injuries, digital 
nerve in particular. Although the divided nerve was repaired under 
optimal condition, the sensibility recovery is not always promising 
and altered profile of neural impulses resulted. Imai et al. (1991) 
commented that since sensibility recovery through axonal 
regeneration is limited because of the quality and quantity of sensory 
impulses reaching the brain. Recovery of functional sensibility will 
be limited unless the capacity of the brain, i.e., its plasticity can be 
exploited. Concept of brain plasticity is indeed very important in 
understanding why sensory rehabilitation can work in improving 
sensibility especially functional sensibility. With the advent of 
modem neuroscience, several experiments had conducted to 
investigate the brain or cortical plasticity. It is now clear that the 
adult mammalian somatosensory system is capable of very significant 
functional reorganisation after peripheral nerve injury. 
Microelectrode mapping studies were carried out in monkeys to 
investigate the reorganisation of somatosensory cortex by 
thoughtfully sectioning the median nerve at the wrist level and 
suturing the cut end to surrounding tissue to prevent from axonal 
regeneration (Merzenich & Kaas, 1982; Merzenich et al., 1983a, 
1983b). Thus, the cortex are deprived of their normal activating 
input. With behaviourally controlled tactile stimulation as the 
monkey were conditioned in contacting with a rotating stimulus disk 
for 1.5 hours a day. After 4 months, when this deprived cortex was 
examined, the cortical representation of the stimulated skin surface 
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was drastically enlarged and it was found to be responsive to the 
stimuli on parts of the hand innervated by the intact radial and ulnar 
nerves (Figure 2.7). 
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Figure 2.7. Reorganisation of somatosensory cortex after tactile 
stimulation of nerve skin field (left: typical organization of the hand 
representations in a normal owl monkey, middle: the cortex (dots) in 
the two hand representations normally activated by the median 
nerve, and deprived of normal activation by median-nerve section, 
right: the organization of the two hand representations several 
months after median-nerve section and ligation) (adapted from 
Merzenich & Kaas，1982) 
Kidd (1992) postulated that if median nerve was cut, there would be 
a change in the cortical representation. Since the cortical cells have 
no tactile input from the median nerve, instead of dying or doing 
nothing, they began to respond to the input from the radial nerve or 
ulnar nerve. However, if the median nerve was sutured, it was able 
to recapture some of its lost territory. This functional plasticity, 




that cortical somatosensory maps are dynamic, not static. The 
cortical sites of representation of given skin surfaces can change in 
time, especially after nerve injury. Merzenich et al. (1982) explained 
this re-organization of the somatosensory cortex resulted from 
axonal sprouting which arose either from paraterminal sprouting of 
the samefibre or collateral sprouting from the neighbouring normal 
territory, that is, crossover innervation, as well as modification of 
the effectiveness of previously existing synapses. 
Neurophysiologically, many authors had suggested that many 
neurons in the central nervous system can reorganise their synaptic 
connections to form entirely new ones in response to lesions. Jones 
(1981) commented this process as reactive synaptogenesis: a reaction 
to some stimulus, rather than part of the normal developmental 
process. Deafferentation elicits nearly undamaged fibres to grow and 
form new synaptic connections. The most likely mechanism 
responsible for reactive synaptogenesis is axonal sprouting, which 
describes the sprouting of intact remaining neuronal afferent fibres 
into areas of deafferentation. Early in 1970s，Guth confirmed by 
both physiologic and morphologic finding, there is a collateral 
sprouting in the spinal cord during nerve regeneration. In addition, 
Lynch,s comprehensive studies on the hippocampus, all indicated 
that collateral sprouting is one of the major mechanisms by which 
functional plasticity is achieved in the central nervous system. Bishop 
(1982) said that following damage to a peripheral nerve the axon 
distal to the lesion undergoes degeneration (Wallerian degeneration). 
The proximal axon and cell body also undergo changes. As a result, 
the neuron stops synthesising neurotransmitter and starts synthesising 





growth cones at the injured terminal of the proximal axon. If scar 
； tissue does not provide too severe impediment to the outgrowing 
axon, the growth cones may succeed in reinnervating the denervated 
！ 
target cells. However, if an injury of a peripheral axon is too close to 
the cell body, the lesioned axon will degenerate and fail to 
regenerate. In the presence of degenerated neurons, surviving 
neurons will sprout out from their axons to reinnervate the 
denervated target cells. These axonal sprouts may be produced in a 
variety of ways. In collateral sprouting, axonal collaterals grow 
more extensively than normal and make contact with the denervated 
target cell either at a new postsynaptic site or at the original one. An 
alternative is paraterminal sprouting, the production of new 
terminals from existing axon terminals; these may subsequently form 
new synapses adjacent to degenerating ones (Figure 2.8). Hopkins 
(1984) substantiated this nerve outgrowths elicited by nerve injury 
and said that such new nerve outgrowths can reinnervate and restore 
function to denervated target tissues. 
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Figure 2.8. Axonal sprouting (a: collateral sprouting, b: 





In digital nerve injuries, the phenomenon of collateral sprouting of 
sensory nerve has been well demonstrated. Chow et al. (1980) 
showed that the establishment of collateral innervation after a digital 
nerve division is a very dynamic process. The sensibility recovery 
that follows digital repair is actually due to collateral innervation ( 
Young et al 1981; Sullivan, 1985; Tupper et al 1986; Goldie et al 
1992; Calder & McAllister，1993; Chow & Ng，1993). On the other 
hand, behaviourally controlled tactile stimulation can also lead to 
modification of the effectiveness of previously existing synapse. The 
concept of this structurally normal but functionally inactive synapses 
was first raised to prominence following experiments on the 
reinnervation of denervated eye muscles in fish (Mark, 1970). It is 
believed that the decrease of presynaptic inhibition from the 
surrounding is responsible for unmasking the synapses (Figure 2.9). 
Devor & WaU (1981) carried out an study in sectioning of a 
peripheral sensory nerve in rats. They discovered that within a week, 
a new receptive fields was produced on dorsal horn cells that 
normally driven only by the sectioned nerve. Their study reinforced 
the concept that unmasking of suppressed synapse existed after nerve 
injury as axonal sprouting of the intact afferent could not be detected 
with a stain specific for some sensory nerve. Merzenich & Kaas 
(1982) concluded that early change of functional maps of the skin 
surface in somatosensory cortex after tactile stimulation was so rapid 
that they undoubtedly reflected changes in the effectiveness of pre-
existing pathways. Other changes developed over days or even weeks 
could then be attributed by the formation of new connections and 
synapses. Since the information transmitted centrally after nerve 
repair is effectively scrambled and the business of learning anew 
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what the incoming signals mean is part and parcel of recovery 
(Marsh, 1994). Wynn Parry & Salter (1976) had already stated that 
following nerve injury and repair, the nerve endings grow down 
from the site of suture and develop the capacity to transmit 
information concerning touch, pressure, movement, etc. as a result 
of demands put on them by active use. The more demands made by 
the patient on these nerve endings, that is, the more he is trained or 
trains himself, the more specifically will the impulses be coded as 
particular sensations. It is probable that there is a two-way system in 
information processing from the periphery and the periphery 
endings can confer specificity on the central connections, and 
peripheral endings can be controlled centrally. As there will be 
fewer regenerated nerve endings and these conduct more slowly then 
normal after nerve suture, it seems reasonable to suppose that by 
training, patient can learn to code afferent stimuli that have different 
electrical transmission properties than normal and by experience 
relate these to specific sensory function. I believe that by means of 
specific sensory retraining, becomes so frequently and vigorously, 
there is an increase in efficiency of travel along those routes. So, it is 
very important to provide suitable tactile stimulation for nerve 
injuries. Palmer & Gardner (1990) stated that stroking over the 
stripe patterns strongly excited both Meissner corpuscles and 
Pacinian corpuscles and the brain will take changing patterns of 
motion and skin pressure into account in analysing peripheral input 
to produce a perceptual constancy of texture (Sinclair, 1991). In 
addition, lateral facilitation along the papillary ridge may partially 
compensate for poorer mechanical transduction when the finger 
scans the surface of objects, allowing information to be garnered by 
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motion in all directions (Gardner & Palmer, 1989b). It is extremely 
important in the early period after nerve repair because of sparse 
innervation density of mechanoreceptor. Wei & Ma (1995) 
concluded that improvement in measured sensibility is cortical 
reorganisation which resulted from increased neural activity in the 
post-central gyrus during tactile stimulation. 
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Figure 2.9. Unmasking of synapses on dorsal horn neurons following 
peripheral nerve cut (Adapted fromHopkins & Brown, 1984) 
2.5 Sensibility Testing For Functional Sensibility 
Bell-Krotoski (1984) has pointed out that it is a mistake to rely upon 
only one parameter to evaluate sensibility. Commonly, evaluation of 
hand sensibility may be attained with measurement of cutaneous 
pressure threshold and two-point discrimination (Novak et aI, 1992). 
Actually, there were many authors had reported that there was a 
correlational relationship between cutaneous pressure threshold and 
two-point discrimination with functional sensibility. For that reason, 
sensibility testing used throughout my research project for assessing 
functional sensibility including cutaneous pressure threshold test, 
constant two-point discrimination test, moving two-point 
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discrimination test as well as subjective evaluation of sensibility 
recovery by subject. 
2.5.1 Cutaneous Pressure Threshold Test 
Von Frey first described the use of graded stimuli to evaluate 
cutaneous sensibility in the late 1800's. In an attempt to standardise 
the technique, he found that horsehair of varying thickness bend at 
specific milligrams of axial loading pressure. By pressing on the skin 
with a candle glued to the end of a hair until the hair started to bow, 
Von Frey obtained a measure of the thresholds for perception of 
pressure. In 1960, Semmes and Weinstein made the testing procedure 
more exact when they reintroduced Von Frey's method by using 
nylon monofilaments mounted in lucite rods (Figure 2.10). The 
principle of its operation is that, when it is applied perpendicular to 
the skin surface, the hair bends and exerts a force which remains 
constant. The smallest perceivable force will be recorded as the 
cutaneous threshold. Semmes and Weinstein realised that by 
standardising the thickness (diameter) of the nylon monofilament, a 
force could be generated at the point at which the nylon 
monofilament would bend after contact with the skin. The number of 
each monofilament represents the logarithm to the base ten of the 
force in grams (Table 2.2) and different functional sensation, level 
(Table 2.3). Bell-Krotoski & Tomancik (1987) stated that the design 
of the filaments of constant length but increasing diameters to bend 
when a specific value is reached provides unique control. It is 
because if we apply the filament until it just bends, the bend of the 
filaments can help eliminate the variable like the application 
amplitude and vibration which inevitably occurring in any hand held 
instrument (Bell-Krotoski & Tomancik, 1987). The repeatability of 
2 7 
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testing. Furthermore, during their study of investigating the 
repeatability of testing with Semmes-Weinstein monofilament, they 
reported that if the lengths and diameters of monofilaments are 
correct, the filaments produce application forces that are repeatable 
with a predictable range for several examiners to test the same 
patient, that is，good inter-rater reliability. In addition, the test-retest 
reliability of pressure thresholds calculated using the Semmes-
Weinstein monofilament is high (r 二 0.84) (Jones, 1989). 
Concerning the neurophysiology base of Semmes-Weinstein 
monofilament test for cutaneous pressure threshold, It provides 
quantitation of the course of nerve regeneration of slowly adapting 
fibres during sensibility recovery. 
Following nerve repair and nerve regeneration, the first 
physiological parameters to recover are threshold, as there are very 
few nerve fibres at the extremity so that two-point discrimination 
cannot be tested. Thus, it is most appropriate early in the course of 
nerve regeneration to test for threshold changes (Dellon, 1990). 
Does the cutaneous pressure threshold measurement predict function 
and functional sensibility? The answer is "Yes". Dellon & Kallman 
(1983) showed that when the results of monofilament testing were 
compared with the object-recognition score, they performed very 
similarly to the results of constant two point discrimination test 
(formerly called Weber test). Imai et al. (1989) supported that 
recovery of object recognition (functional sensibility) was closely 
correlated with that of Semmes-Weinstein testing. They further 
elaborated that the object recognition became possible by plasticity of 
the brain only when function of mechanoreceptors recovered to 





described Semmes-Weinstein testing can provide an index of the 
efficiency of transduction of mechanical stimuli by the 
mechanoreceptors. So, good content validity exists in using Semmes-
Weinstein monofilament to assess cutaneous pressure threshold and 
to predict functional sensibility. Nowadays, it is generally accepted as 
the most objective and reproducible test of sensibility (Hage et al, 
1995). 
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Figure 2.10. Semmes-Weinstein monofilaments (North Coast 
Medical) 
Monofilament Force Monofilament Force 
_ 1.65 0 . 0 0 8 ^ 4.56 4.19g 
2.36 0.015g 4.74 4.64g 一 2.44 0.036g 4.93 5.16g 
— 2.83 — 0.08g • 5.07 7.37g 
3.22 0.172g ^ 12.5g 
3.61 0.217g ^ 20.9g 
- 3.84 0.445g 5.88 46.54g 一 4.08 0.745g 6.10 84.96g 一 4.17 0.976g 6.45 164.32g 
4.31 0.235g 6.65 279.4g 
Table 2.2. Force exerted by each monofilament (North Coast 
Medical) 2 9 
Monofilaments Index Functional Sensation Level 
1.65 - 2.83 normal sensation 
3.22 - 3.61 diminished light touch sensation 
~ " 3.84 - 4.31 diminished protective sensation 
4.56 loss of protective sensation 
4.74 - 6.65 deep pressure sensation 
Table 2.3. Description of functional sensation levels of 
monofilaments 
Administration Procedure of Semmes-Weinstein monofilament 
The subject is oriented to the test before the actual testing procedure. 
During the test the subject's hand is fully supported on the table with 
putty underlying the hand to prevent any minute movement of the 
finger being tested. During the process of assessment, the vision of 
the subject is occluded either by blindfolding or turning his head 
aside. It is better to conduct the test in a quiet room so as to prevent 
any distraction. All filaments are applied in a descending order on 
the skin surface until it bends, that is, apply for 1.5 seconds, hold for 
1.5 seconds and remove in 1.5 seconds (Figure 2.11). Besides, it 
should be aware of any slippage of the filament tip, since this can 
lead to a lower bending stress and to a greater area of stimulation. 
However, in order to facilitate the detection of false-positive 
responses when administering this test, that is, saying "yes" when the 
finger has not been touch, a variable time interval between each 
stimulation or the use of “ catch" trials in which on stimulus is 
presented will be adapted. Five out of seven responses must be 
accurate for scoring at a given filament. It is necessary to test both 
sides and along the nerve distributions if both digital nerve was 
injured. The test progresses until the finest filament which means the 
smallest perceivable force that the subject can feel is recorded. 
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Figure 2.11. Application of monofilament over the skin surface 
until it just bends 
2.5.2 Constant Two-point Discrimination Test 
In 1835, Weber introduced the use of two-point discrimination test 
in charting differences in acuity between different body regions, 
provided an index of the richness of cutaneous innervation. It 
involved touching the skin with one or two blunt points of paper-
clip. Moberg (1958) elucidated that Weber (constant) two-point 
discrimination has been found to correlate with tests of integrated 
hand function such as pick up test and object recognition test. Since 
he viewed the hand function as the ability of the hand to carry out 
grips, that is，precision sensory grip and gross sensory grip. It 
requires one to know that an object is held in constant touch between 
the fingers and to know how hard to press to prevent the object from 
falling out of the hand. He then believed that the constant two-point 
discrimination test is a valid predictor of functional sensibility. He 




q ； 1983; Novak et al, 1992; Herold, 1993 and Marsh, 1994). The i 
neurophysiologic base of constant two-point discrimination is that it 
measures the innervation density of slowly-adapting group A-beta 
fibres which is responsible in transducing the mechanical stimuli of 
constant touch. It gives the ultimate answer in terms of the recovery 
of number of nerve fibres that have made functional connections 
:丨�
within a given surface area (Imai et al, 1989). 
The instrument commonly used in assessing two-point discrimination 
are paper clip, three-pronged aesthesiometer and disk-criminator. 
Paper clip, although ubiquitously present, there are inherent 
drawback in using it. Firstly, it requires time for bending into the 
i 
appropriate size. It is quite greasy and therefore slippery in 
prolonged using. Secondly, the absence of a numerical scale on the 
paper clip can cause variation in interprong distance during any 
given test stimidus if the examiner is not constantly on paying 
meticulous attention to the pressure applied to maintain the 
interprong distance during the testing procedure. Thirdly, there is 
significant variation in its tip geometry and quite shape in nature so 
that it may stimulate pain sensation. The three-pronged 
aesthesiometer and disk-criminator are not as ubiquitously present as 
the paper clip. However, both of them have numerical scale and the 
tip of the prongs are rounded and thus they are more acceptable in 
assessing two-point discrimination. I prefer to use disk-criminator to 
three-pronged aesthesiometer, It is because rotating the two-prong to 
its single-prong tip in order to vary the test stimulus is quite 
difficult. Besides, the numerical scale on it requires a change in the 
setting of the interprong distance between each different test 





change the interprong distance and switch from one end of the 
instrument to other end will alter the rhythm of the testing sequence 
and give temporal cues to the patient as interprong distance are going 
to be change. However, Disk-criminator has been shown to be a 
reliable and valid instrument (Figure 2.12) for evaluating two-point 
discrimination (Dellon et al, 1987; Crosby & Dellon, 1989). It is a 
set of two plastic disks, each containing a series of metal rods, spaced 
at varying intervals, from one to fifteen minimeters apart. On both 
sides of the disk, it contains a friction grid to permit ease of rotation. 
This can be rotated between a single prong for testing one-point and 
1 any of the other spaced prongs for testing two-point intervals. 
Moreover, the ends of the prongs are rounded and long enough that, 
as the instrument is moved along the surface of the finger, the 
transverse edge of the instrument itself does not touch the fingertip 
and the examiner is given a clear view of the interface between the 
prongs and the fingertip. 
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Figure 2.12. The Disk-criminator 
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Administration Procedure of Constant Two-point Discrimination 
Test 
The subject is oriented to the test before the actual testing procedure. 
During the test the subject's hand is fully supported on the table with 
putty underlying the hand and vision is occluded. It is better to 
conduct the test in a quiet room so as to prevent any distraction. 
Only the fingertip are tested as these are the most important surfaces 
for functional sensibility. Testing is begun with 15mm distance 
between the two points. One or two points of the disk-criminator are 
randomly applied in a longitudinal orientation perpendicular to the 
skinjust to the point of blanching but do not stimulate pain sensation 
(Figure 2.13). It is necessary to test both sides and along the nerve 
distributions if both digital nerve was injured. The subject is 
required to state "one" or "two," depending upon how many points 
he feels touch his skin. Seven out of ten responses must be accurate 
for scoring at a given distance of millimetre as it is standardised by 
the Clinical Assessment Committee of the American Society for 
Surgery of the Hand. 
If the responses are accurate, the distance between the two points is 
decreased until an inaccurate response given. Testing stops if 
responses are inaccurate at 15mm. Therapist records the shorter 
distance that the subject can give an accurate response or record 
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' Figure 2.13. Constant two-point discrimination test 
2.5.3. Moving Two-point Discrimination Test 
Dellon in 1978 observed that some nerve-injured patient who had no 
constant two-point discrimination nevertheless completed the pick-up 
test and could identify coins. He explained this paradox as constant 
two-point discrimination did not identify the large percentage of 
group A-beta fibres which were quickly adapting. In other words, 
constant two-point discrimination test underestimated the functional 
capacity of the hand, since it tested only a sub-set of the group A-
beta fibres. For that reason, he advocated that the paperclip should 
be moved along the surface of the finger so as to gave quantitation to 
the quickly-adapting fibre receptor population, that is, the 
innervation density of the quickly-adapting fibre and its 
corresponding mechanoreceptor; Meissner corpuscle and Pacinian 
corpuscle. The exact correlation between the neurophysiological 
parameters and the sensory receptors (Dellon, 1979 & 1981) have 
been studied in biopsies from human fingertips in patients recovery 





correlation for prediction of hand function between cutaneous 
pressure threshold (Semmes-Weinstein monofilament test), constant 
and moving two-point discrimination measured against the number 
of objects recognised have been analysed by linear regression 
analysis (Dellon & KaUman，1983). The results indicated that all of 
these three tests have a firm neurological basis for the clinical 
evaluation of sensibility in the hand. 
Administration Procedure of Moving Two-point Discrimination Test 
I 
Testing procedure is the same as the constant 2 point discrimination 
test. The prongs of the Disk-criminator are gently moved along the 
.,i 
long axis. The subject is required to identified whether there is 
"one” or "two" is stroking his fingertip. Therapist record the 
smallest separation of points which could be correctly discriminated 
seven times in a random series of ten applications of one or two 
points. Great care is taken to avoid false positive results produced by 
asynchronous application of two points or the application of a 
greater total force with two points to stimulate pain sensation. 
Nowadays, assessment using two-point discrimination has been 
considered by many authors as a simple and reliable method to 
evaluate sensibility of the hand (Dellon, 1981; Sullivan, 1985; Berger 
& Mailander，1991) Two-point discrimination test is the most widely 
•j 
used method in clinical practice. The Clinical Assessment Committee 
I of the American Society for Surgery of the Hand has subsequently 
endorsed the measurement of both constant and moving two-point I • 
j discrimination in the end assessment following nerve repair. 
2.5.4. Subjective Evaluation of Sensibility Recovery 
:j The impaired individual's sense of competence appears to be an 




rehabilitation (Matheson, 1993). When assessing the results of a 
nerve repair, the patient's own appraisal is paramount (Chan et al, 
1984; Tajima & Imai，1989; Goldie et al, 1992; NisMkawa & Smith, 
1992; Calder & McAllister, 1993; Van Boven & Johnson, 1994). 
Usually patients were asked to give a subjective evaluation of return 
of sensitivity in the area supplied by injured digital nerve, expressed 
as a percentage of sensitivity in the area of the corresponding digit in 
the other hand (Altissimi et al, 1991) or using a visual analogue scale 
(Goldie, 1992). As a result, subject's own evaluation of the 
sensibility recovery of the deficit area compared to equivalent area 
of contralateral uninjured digit was included in testing the sensibility 
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RETROSPECTIVE STUDY OF THE SENSIBILITY 
RECOVERY OF PERIPHERAL NERVE INJURY 
3.1 INTRODUCTION 
Peripheral nerve injury is a fairly common problem in our daily 
practice. Despite advances in microsurgical nerve suturing technique 
as well as meticulous equipment, the recovery of sensibility 
especially functional sensibility is not always promising. Hunter 
(1990) defined functional sensibility as the ability that enables the 
hand to engage in full activities of daily living, including those 
activities in which vision is essentially occluded while the hand 
； manipulates and identifies an object. Factors that attributed to the 
poor sensibility recovery were already elucidated in chapter two. In 
order to investigate the sensibility recovery of peripheral nerve 
injury patients, a retrospective study was carried out on nerve-injury 
cases between 1991-1992 in Prince of Wales Hospital. 
3.2 OBJECTIVES 
To investigate the extent of sensibility recovery of peripheral 
nerve injuries at the end of a routine rehabilitation program. 
To investigate the availability of sensory rehabilitation in 




j 3 .3 METHODOLOGY 
"1 
The records of 75 peripheral nerve-injury patients treated in Prince •l •) 
of Wales Hospital between 1991-1992 were reviewed. All the case 
files were retrieved and sensibility recovery of patients at the end of 
3 8 
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a routine rehabilitation program were graded according to British 
Medical Research Council criteria (suggested by Highet, 1954) for 
grading peripheral nerve injury (Table 3.1). Of the 75 peripheral 
nerve injuries, there were 32 digital, 10 median, 10 radial, and 22 
ulnar nerve injuries. One patient had combined median and ulnar 
nerve injuries (Figure 3.1). The age of these patients ranged from 5 
to 75 years (mean age: 35 years) with the age range 21-30 was the 
predominant age to get injury (Figure 3.2). 80% were male (Figure 
3.3). In respect of the causes of injury, 32% was occupational injury, 
37% was domestic injury, 7% was assaulted injury, 7% was traffic 
injury and the remaining 17% of patients had injury at leisure 
(Figure 3.4). In addition, cut by sharp object such as a knife or 
broken glass was the main mechanism of nerve injury (Figure 3.5). 
1 
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—Grade Sensibility Description 
S4 Normal sensibility with two-point discrimination of 2 to 
6mm 
~ ^ ~ " As in S3, but localisation of stimulus is good and there is 
imperfect recovery of two-point discrimination of 7 to 
15mm 
S Retum of superficial cutaneous pain and tactile sensibility 
throughout the autonomous area with disappearance of any 
previous over-reaction. Two-point discrimination is greater 
than 15mm 
^ “ Retum of some degree of superficial cutaneous pain and 
tactile sensibility within autonomous area of the nerve 
Sl Recovery of deep cutaneous pain sensibility within the 
autonomous area of the nerve 
SO Absence of sensibility in the autonomous area of the nerve 
Table 3.1. MRC grading with modification by Dellon, 1981 
3.4 RESULTS 
Of the 75 peripheral nerve-injured patient, 72% of them received 
rehabilitation after operation which focused on the motor element as 
well as joint motion. Only 3 of them had received sensory re-
education in their rehabilitation program. The result of the study 
showed that pure digital nerve injury was seldom referred for 
sensory rehabilitation after operation. The median and ulnar nerve-
injury patients (cut at wrist level) usually required longer period of 
rehabilitation with a mean of 6-7 months. However, the mode of the 
overall rehabilitation period was 4-5 months (Figure 3.6). Only 50 
] 
patients had any sensibility assessment at the end of rehabilitation, 
j including only 16 digital nerve injury cases. Concerning the 
I 
sensibility recovery, 50% of the patient attained S2 to S3 at the end 
of rehabilitation which indicated no functional sensibility. Two of the ,i 





rehabilitation program recovered S4 level sensibility which is 
normal functional sensibility (Table 3.2). 
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Grade 
SO S1 S2 S3 S3+ S4 
Median nerve (n^9) 1 1 2 4 0 1 
Ulnar nerve (n=17) 2 0 7 7 0 L_ 
Radial nerve (n=8) 0 0 3 4 1 0 _ 
Digital nerve (n^l6) 1 2 6 4 2 L_ 
Total (n^50) 4 3 18 19 3 3 
Table 3.2. Sensibility recovery at the end of rehabilitation program 
3.5 DISCUSSION AND IMPLICATION 
'') 
This study highlighted the problem that sensibility recovery at the 
I end of rehabilitation is frequently not satisfactory. Such phenomenon 
can be explained as present rehabilitation program are mainly 
focused on motor recovery and paid little attention on the recovery 
of sensibility. Perhaps there was a misconception that sensibility 
takes a long time to recover so that once the patient recovered 







from the rehabilitation program. Without adequate functional 
sensibility, a worker can scarcely pick up small objects as he does not 
know how much force is required to hold the tiny objects and to 
identify them as the somatotrophic map was distorted. Consequently, 
hand function, work capability or even skills in daily living are 
affected. This may be one main factor delaying the patient from 
returning to their previous occupation. Hence, sensory rehabilitation 
actually shoulder an important role in the whole process of 
rehabilitation. Sensory re-education is a remedial intervention to 
allow the nerve-injured patient to achieve the potential for maximum 
functional recovery. It is a method that help patient to re-interpret 
the altered profile of neural impulses (Dellon, 1981). From this 
study, we can see that those three patients recovered normal 
sensibility, S4, two of them have received some forms of sensory re-
education program in their "traditional" rehabilitation program. 
Besides, this applies to the whole thesis that digital nerve injury are 
usually overlooked as digital nerve-injured patients are seldom 
referred for rehabilitation and the sensibility before the closure of 
the case was infrequently assessed. This is surprising because digital 
nerves are the most frequently injured of all peripheral nerves and 
the sensory function of the finger is very important in determining 
i once sensory grip (Moberg, 1958). This study shed an implication to 
the main study as digital nerve injury should deserve more attention 
I and the means of improving sensibility recovery of peripheral nerve 
I injury should be evaluated, perhaps, starting from the most simple 





！ Chapter Four 
� LONGITUDINAL STUDY OF SENSIBILITY RECOVERY OF DIGITAL NERVE INJURIES 
4.1 INTRODUCTION 
In chapter three, a retrospective review indicated that the sensibility 
recovery of digital nerve injury was frequently overlooked among 
others and sensory rehabilitation was infrequently provided. 
However, it is difficult to convince both the hand surgeon and 
therapist about the importance of the need of sensory rehabilitation 
in digital nerve injury, especially, simple digital nerve injury without 
any other associated problems. However, the results of digital nerve 
repair by primary epineural technique have been assessed by many 
authors. Some of them concluded that following repair of a divided 
digital nerve, normal sensibility will never be regained and the 
complete recovery is to be expected only in children (Poppen et al, 
1979; Sullivan, 1985; Altissimi et al, 1991; Goldie et al, 1992; A1-
Ghazal et al, 1994). In addition, with reference to the retrospective 
rview in chapter three, the recovery of functional sensibility of 
digital nerve injuries were fair indeed. In order to take a closer look 
at the sensibility recovery of digital nerve injuries which is the most 
j frequently injured of all peripheral nerves, a longitudinal study was 
conducted. 1 .1 
.i s i .^  
4.2 OBJECTIVES 
To investigate the extent of sensibility recovery of digital 







To investigate the effects of the following factors on sensibility 
recovery of digital nerve injuries: mechanism of injury, level of 
injury, smoking habit, age and associated injuries. 
4.3 METHODOLOGY 
Patients who had complete cut of digital nerve/s distal to the 
metacaipophalangeal joint of the fingers were included in this study. 
Patients were excluded if they were unwilling to join the study or 
could not return for re-assessment at six months after operation. In 
addition, patients were also excluded if they had received skin 
grafting or skin flaps and when a significant painful neuroma had 
developed. As a result, fourteen patients (13 male and 1 female) with 
fifteen digital nerve injuries were evaluated. The age range was 20 to 
58 years with a mean age of 38.5 years (Table 4.1). Distribution of 
involved digits (Figure 4.1) and digital nerve (Figure 4.2) were 
analysed. Furthermore, mechanism of injury, level of injury, smoker 
habit, associated injuries (Figure 4.3 & 4.4) and age of patient were 
also considered to see if there is any correlation of these factors with 
the final sensibility recovery. These 15 digital nerve injuries were 
also categorised into four different injury classes: class 1 (digital 
nerve injuries alone, n=5); class 2 (digital nerve injuries with tendon 
injury, n=5); class 3 (digital nerve injuries with hand fracture, n=2) 
and class 4 (digital nerve injuries with combined tendon and bone 







- Male Female Total 
3 No. of No.of No. of No. of No. of No.of No.of No.of No. of 专 Age patients digits digital patients digits digital patients digits digital 
i (yr) nerves nerves nervts 
I 20-29 ~ 2 ~ 2 ~ 2 ~ 0 一 0 0 2 2 2 _ 
？ ^ j O ^ _ j J I " 3 3 1 1 1 A 4 4 _ 
^ 4049 7 8 8 0 0 0 7 8 8 _ 
: _ g ) ^ _ _ L Z I _ J _ I L j _ 0 — 0 0 1 _ 1 1 _ 
. Totals 13 14 14 1 1 1 1 4 _ _ 1 5 _ _ ] [ 5 _ 
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FINGER Figure 4.1. Distribution of involved digits All patients were assessed by Semmes-Weinstein monofilaments for 
i 、 cutaneous pressure threshold, and moving and constant two-point 
i discrimination tests to test the spatial discriminative sensibility at 
•j . ， 
1 three weeks and six months after nerve repair. Moreover, patient's 
setf appraisal about their sensibility recovery at the end of six 
: i months after operation were also recorded. Sensibility recovery was 
i 
classified according o the suggestions by Mackinnon & Dellon
:� 
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(1988); Tajima & Imai (1989) and Glickman & Mackinnon (1990) 
and is summarised in Table 4.2. 
Test \ Grade Poor (1) Fair (2) Good (3) Excellent 
( l I _ 
Constant / Moving >15mm ll-15mm 7-lOmm 2-6mm 
2 point discrimination 
Semmes-Weinstein 6.65-4.56 4.31-3.84 3.61-3.22 2.83-1.65 
monofilament 
Setf appraisal 0-25% 26-50% 51-75% 76-100% 
Table 4.2. Classification of sensibility recovery (the number 
following the parenthesis indicate the corresponding rank assigned to 
different grade) 
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Figure 4.3. Course of injury breakdown by mechanism of injury (I-
industrial injury, D- domestical injury) 
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Figure 4.4. Level of injury breakdown by smoking habit of patient 







Assessments were performed by two independent assessors, one of 
whom was always the author. Inter-rater reliability was calculated to 
see any inter-rater variation and dependability of the data collected. 
If the reading measured by two assessors was different, the lower 
one would be adopted. The assessment positions and procedures had 
been standardised by trial testing which was described in chapter 
two. In addition, an instruction manual including the testing position 
and procedure was distributed to each assessors for reference 
(Appendix I). All 15 patients received routine traditional 
rehabilitation programme, including protective splintage, electrical 
stimulation, pressure therapy, active and passive mobiliation and 
strengthening activities. 
For statistical analysis, descriptive statistics was used to describe the 
•] 
data collected and all data were analysed by inter-rater agreement 
(Kappa) and inter-rater association (Spearman correlation). KruskaI-
Wallis ANOVA was used to detect statistical difference between the 
four classes of digital nerve injuries, and multiple regression analysis 
was used to determine the relationship between final sensibility 
recovery graded by MRC grading with potential factors affecting the 
results of its recovery (mechanism of injury, level of injury, 
smoking habit, associated injuries and age of patient). All the 
statistical tests were computerised by STATISTICA for Macintosh. 





{ Sensibility recovery of all patients at three weeks and six months 






Recovery of cutaneous pressure threshold 
>279.4g, 279.4-4.64g, 4.19g，.445-.235g, .217-.172g, .08-.008g 
3/52 4 8 1 2 0 0 
" ^ | 0 1 5 6 3 0 
Recovery of constant two-point discrimination 
>15mm ll-15mm 7-lOmm 2-6mm 
3/52 15 0 0 0 
6/12 13 1 1 0 
Recovery of moving two-point discrimination 
>15mm ll-15mm 7-lOmm 2-6mm 
3/52 15 0 0 0 
6/12 11 0 4 0 
Final MRG grading 
So S1 S2 S3 S3+ S4 
6/12 I 1 4 4 4 2 0 
Table 4.3. Distribution of overall sensibility recovery at three weeks 
and six months after repair, n (digital nerves)= 15 
Furthermore, sensibility recovery of these 15 digital nerves were 
analysed separately according to four different injury classes. At 
three weeks post operation, cutaneous pressure threshold showed that 
most of patient regained some protective to deep pressure sensibility 
(Figure 4.5) according to functional sensation levels (Table 2.3). For 
the moving and constant two-point discrimination, all patients, no 
matter which classes they belonged, cannot discriminate any moving 
and constant two points. After twenty three weeks, that is, six months 
post operation, cutaneous pressure threshold test indicated that no 
j i one of them attained normal sensibility, but rather, most of them 
•j 
•1 
recovered some degree of light touch and protective sensibility 
(Figure 4.6). For the moving 2PD, only 4 cases from class 1，2 and 3 
j. can discriminate 8 to 10 mm，the remaining 11 cases cannot 
I discriminate any moving 2PD (Figure 4.7). For the constant 2PD, 





classes they come from (Figure 4.8). Classification of sensibility 
recovery by different raters at three and six months post operation 
were summarised by Appendix X. 
When examining both the inter-rater agreement and inter-rater 
association, all measurement showed very good Kappa value and 
Spearman coefficient (Table 4.4 & 4.5). So the data collected were 
trustworthy with high inter-relater reliability. Kruskal-Wallis 
'•j 
ANOVA analysis showed that there was no statistical significant 
difference between the classes of digital nerve injuries in the 
recovery of cutaneous pressure threshold, moving two-point, 
I constant two-point discrimination as well as MRC grading at six 
months post operation (Table 4.6). On the other hand, for sdf 
j appraisal of their sensibility recovery. Most of them reported that 
they can only recover 30-40% of sensibility when compared with the 
equivalent area on the contralateral uninjured digit (Figure 4.9). 
Lastly, for the MRC grading, S1 to S3 were the most common 
grades they could attain (Figure 4.10). 
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Figure 4.9. Self appraisal of sensibility recovery at six months after 
repair Kappa 
Agreement Spearman 
Sensibility Testing Coefficient (K) Coefficient (R) Significant 
S/W monofilament (3/52) . 1 1 P<0000 SAV monofilament (6/12) q w 0 ^ P<0.000 
j Moving 2PD (3/52) 1 � 1 V<0.000 
I Moving 2PD (6/12) 0.83 0 ^ V<OmO 
I Constant 2PD (3/52) 1 1 P<0000 Constant 2PD (6/12) 1 1 P<O.QOO 






頻 -I Value of K Strength of agreement 
i < 0.20 Poor 
i 0.21-0.40 Fair 
.« 0.41-0.60 Moderate 
i 0.61-0.80 Good i 0.81-1.00 Very Good 
J Table 4.5. Guidelines for interpreting the strength of Kappa statistic 
i 1 • 
I Sensibility recovery P value 
* Cutaneous pressure threshold 0.3383 ！ Moving two-point discrimination 0.0952 
i Constant two-point discrimination 0.7805 
.3 MRC grading 0.2748 一 
I Table 4.6. Comparison of cutaneous pressure threshold, moving two-
] point discrimination, constant two-point discrimination and MRC 
1 grading at six months between different injuries classes (Kruskal 
2 Wallis ANOVA) i 
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In another way, factors that may influence the recovery of sensibility 
including age, mechanism of injury, level of injury, smoking habit 
and associated injuries were analysed by multiple regression. With 
reference to the magnitude of Beta coefficient (Table 4.7), age, 
mechanism of injury, level of injury and smoking habit of patient 
were important predictors of sensibility recovery. However, the 
differences were not statistically significant. 
Variable Beta regression coefficient P-level 
Age -.672051 .0525613 
Mechanism of injury -.555543 .1139835 
Level of injury .569757 0551016 
Associated injuries -.010008 9756210 
Smoking habit -.403558 .1220930 
.： Table 4.7. Multiple regression analysis between MRC grading 
scheme and various variables 
4.5 DISCUSSION AND IMPLICATION 
Mailander et al. (1989) stated that the minimal follow-up 
examination for digital nerve was six months after operation. Goldie 
et al (1992) also pointed out that the minimal interval between nerve 
repair and follow-up was six months necessary for most digital 
nerves to reach a stable end point. Several authors had set six months 
after operation as the cut-out point for determining the results of 
digital nerve repair (Sullivan, 1985; Chow & Ng，1993; Chiu et al, 
1995). The results of this study showed that functional sensibility 
recovery of digital nerve injuries at six months after operation is 
I very poor and the overall grading of sensibility recovery is similar J to the retrospective study. If six months after operation is really the 




and improvement after 6 months was minimal, the result of this 
study brought a message that we have to find out some ways to 
improve the sensibility recovery of this most frequently injured 
peripheral nerve. Although there were no statistically significant 
difference in sensibility testing among four digital nerve-injuries 
class, Class 1 and 2 seemed to have better recovery of cutaneous 
pressure threshold and spatial discrimination (moving and constant 
two-point discrimination). For the relationship between mechanism 
of injury, level of injury, smoking habit, age and associated injuries 
of patient on the sensibility recovery of digital nerve injuries, the 
regression coefficient for age, mechamsm of injury, smoking habit 
were negative. This meant that the younger the patient, the simpler 
the injury ( cut Vs crush) as well as no smoking habit, the better 
will be the sensibility recovery. Nevertheless, the positive regression 
coefficient for level of injury indicated that the more distal of the 
injury, the faster was the sensibility recovery. However, the 
conclusions which were drawn from this study was limited due to the 
relatively small sample on which the findings was based. 
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FUNCTIONAL SENSIBILITY • NORMATIVE VALUES 
AND CORRELATION WITH AGE, SEX, OCCUPATION 
AND SKIN HARDNESS IN LOCAL CHINESE 
POPULATION 
5.1 INTRODUCTION 
Fess (1986) pointed out that normative data is one of the vital 
elements of a standardised test. Although Dellon in 1981 and Louis et 
al. in 1984 had published the normal values of both moving and 
constant two-point discrimination in 32 subjects and 467 subjects 
respectively, the data may not be applicable completely to Chinese 
population and the factor of skin hardness was not considered. Skin 
hardness is directly related to tactile sensibility and is affected by age 
and occupation. Thombury & Mistretta (1981) stated that tactile 
acuity on the fingertip decreases as a function of age during 
adulthood. Since touch is the sensation resulting from a single 
mechanical skin indentation, the loss of sensitivity might be due to 
age-related skin changes which include thinning of the epidermis, a 
decrease in collagen and a decrease in elastin. In addition, changes 
may also occur in the morphology, number, density, and location of 
the mechanoreceptors. Occupation may also be an important factor 
! affecting tactile sensibility of the finger tips. For instance, a manual \ � 
i worker such as form builder who requires to grasp rough objects 
i 
1 and hold various handtools will develop heavy callosities over hand 
I whereas a jeweller who requires to manipulate very fine jewellery 
I articles demands one to have fine hand manipulation skills and tactile 
sensibility. Moreover, sex and hand dominance may also affect one's 
j tactile sensibility. The purpose of this study was to collect normal 
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values for cutaneous pressure threshold, moving and constant two-
point discrimination and to correlate these values to different age and 
occupational groups in a local Chinese population. 
• 
5.2 OBJECTIVES 
To determine normal values for cutaneous pressure threshold, 
moving and constant two-point discrimination in a normal Chinese 
population. 
To correlate these values with skin hardness, age, occupation, 
sex and hand dominance. 
5.3 METHODOLOGY 
Standardised procedure for assessing cutaneous pressure threshold, 
moving and constant two-point discrimination were followed as 
described in chapter two. In this study, both sides of the fingertips of 
each finger were assessed. Skin hardness was measured with a 
Durometer. This device measures the pressure required to deform 
skin by deflection of the prong at the base of the instrument (Figure 
5.1). The hardness was expressed in units of grams per square 
millimetre. Falanga & Bucak) (1993) reported that Durometer is an 
effective and reliable method to assess skin hardness. 
One hundred subjects, 50 males and 50 females, were recruited in 
this study. Table 5.1 summarises the age range and mean ages of 
these 100 subjects. Excluded from the study were individuals who 
had symptoms of numbness or weakness in the hands or a history of 
previous peripheral nerve injury. In addition, subjects were also 
excluded if they had a history of diabetes that may alter peripheral 
nerve function or skin disease that may affect the assessment. 
6 0 
K T S D ^ P O T | 
隱 
Figure 5.1. Use of Durometer to measure skin hardness (Left: at 
start of measurement, the prong just contacts the skin. Right: at the 
end of the measurement, the prong tip has depressed the skin 
sufficiently to cause contact of the skin with the base of the prong.) 
Male Female 
~"No. o f “ No. of 
subjects Age range Mean subjects Age range Mean 
10 ^ 9 ~ l 4 ? r " 10 14-19 15.3 一 10 23-27 24.5 10 _ 20-28 23.5 
~ T 0 ^ ~ 3 ^ 3 4 A ~ 10 33-39 36.9 
~ ^ 一40-48 43.9 10 42-49 46 一 10 50-59 55.3 10 51-58 54.9 
Table 5.1. Age range and mean of 100 subjects 
The occupation of the subject was classified according to the 
Dictionary of Occupational Titles (DOT) issued by the United States 
Department of Labour (Martin & Jones, 1991). In the DOT 
occupational classification system, all occupations are clustered into 
one of nine broad categories. These nine primary occupational 
categories are listed in Table 5.2. 
6 1 
1 
1 Professional, technical，and managerial occupations 
2 Clerical and sales occupations 
3 Service occupations 
4 " Agricultural, fishery, forestry, and related occupations 
5 Processing occupations 
6 Machine trades occupations 
7 Benchwork occupations 
8 一 Structural work occupations 
9 Miscellaneous Occupations 
Table 5.2. DOT occupational classification system 
Besides, each occupation was further analysed according to different 
levels of finger dexterity (Table 5.3). According to the Revised 
Handbook for Analysing Job (Martin & Jones, 1991)，finger 
dexterity is defined as the ability to move the fingers to manipulate 
small objects rapidly or accurately (Appendix II). It may or may not 
be accompanied by visual feedback. The Occupational groups and the 
levels of finger dexterity of these 100 subjects were illustrated by 
Figure 5.2 and Figure 5.3 respectively. 
Job finger dexterity requirement levels 
1 r ~ n 1 ” I i 5 
Extremely High degree Medium Lower Markedly 
High finger of finger degree of degree of low finger 
dexterity dexterity finger finger dexterity 
dexterity dexterity 
Table 5.3. Levels of finger dexterity requirements by Revised 
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Normal values for cutaneous pressure threshold, moving and 
constant two-point discrimination as well as skin hardness were 
plotted by the mean value with different sex and age values to 
evaluate the relationships between skin hardness and the tests of skin 
sensibility. Sensibility on either side of the thumb, and the radial side 
of index finger were computed to determine any statistical difference 
in sex by t-test. In addition, moving two-point and constant two-point 
discrimination tests were compared with the paired t-test. The 
relationship between finger dexterity, age and skin hardness with 
cutaneous pressure thresholds, moving and constant two-point 
discrimination tests were analysed with multiple regression analysis. 
All the statistical tests were computerised by STATISTICA for 
Macintosh. 
5.4 RESULTS 
Figure 5.4 to 5.35 showed the normal values for cutaneous pressure 
threshold, moving and constant two-point discrimination as well as 
skin hardness by mean plot at different age ranges. Values for 
different sex were provided in different graphs. In addition, these 
values were tabulated in Appendix XI. A note for abbreviation of 
variables in these figures was showed in Table 5.4 • 
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Abbreviation of variables: 
R - right (1st letter), L - left 
M2PD - moving two-point discrimination 
C2PD - constant two-point discrimination 
SH - skin hardness 
SWM - Semmes Weinstein monofilament 
1- thumb 
2 - index finger 
3 - middle finger 
4 - ring finger 
5 - little finger R - radial side (last letter), U - ulnar side — 
e.g. RM2PDlR = moving two-point discrimination of radial 
side of right thumb 
Table 5.4. Note for abbreviation of variables 
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Figure 5.8. Mean value of constant two-point discrimination of right 
hand (radial side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.5. Mean value of moving two-point discrimination of right 
hand (ulnar side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.8. Mean value of constant two-point discrimination of right 
hand (radial side) of female subjects (l:thumb, 2:index finger, 3: 
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Figure 5.7. Mean value of moving two-point discrimination of left 
hand (ulnar side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.8. Mean value of constant two-point discrimination of right 
hand (radial side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.9. Mean value of constant two-point discrimination of right 
hand (ulnar side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
C2pd (radial) mm Mean plot 
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Figure 5.8. Mean value of constant two-point discrimination of right 
hand (radial side) of femal  subjects (l:thumb, 2:index finger, 3: 
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Female Figure 5.11. Mean value of constant two-point discrimination of left 
hand (ulnar side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.8. Mean value of constant two-point d i s c r i m i n a t i o n of right 
hand (radial side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.13. Mean value of cutaneous pressure threshold of right 
hand (ulnar side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.14. Mean value of cutaneous pressure threshold of left hand 
(radial side) of female subjects (l:thumb, 2:index finger, 3: middle 
finger, 4: ring finger and 5: little finger) 
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Figure 5.15. Mean value of cutaneous pressure threshold of left hand 
(ulnar side) of female subjects (l:thumb, 2:index finger, 3: middle 
finger, 4: ring finger and 5: little finger) 
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Figure 5.16. Mean value of skin hardness of right hand (radial side) 
of female subjects (l:thumb, 2:index finger, 3: middle finger, 4: ring 
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Figure 5.17. Mean value of skin hardness of right hand (ulnar side) 
of female subjects (l:thumb, 2:index finger, 3: middle finger, 4: ring 
finger and 5: little finger) 
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Figure 5.18. Mean value of skin hardness of left hand (radial side) of 
female subjects (l:thumb, 2:index finger, 3: middle finger, 4: ring 
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Female Figure 5.19. Mean value of skin hardness of left hand (ulnar side) of 
female subjects (l:thumb, 2:index finger, 3: middle finger, 4: ring 
finger and 5: little finger) 
M2pd (radial) mm Mean plot 
4.6 [ ‘ j j j I “ ^ RM2PDlR 
“ i ^ RM2PD2R 
M A V ,....... ‘ � ^ � . . ,. . .>. ,� . . . . . .<、，zw�....,.,,.....:"-,�.:-..,....‘w0�....ri^,,.....:'::�."^^^ ,�"‘…“�.'..-..“':••�•:• � 
^‘^ ：―丨 I j 1 . ^ RM2PD3R 
> ^ f ""s^ RM2PD4R 
o Q .„..,.„•„�.........?„l...v,,.,,�...,.—•.,.,>...,,..=.....-：..>�.”v-4 , - i . , . . - . . . - . • . , � f - — .>..•'—r-.•••••-:•'•..•".:. -'p^:-^-->�...••-.••••.>.•.-'- \ ^ ' . L^^i^^^^^ • RM2PD5R 
n A •"�.,...,„.,乂.,,.丄.洲....--,..…�,-:”..,..—.—一丄..,...一.一〜..,.:.,...一洲...-,k.—......"�-..一_....v...-.yi^^^^^<>"<'^^"^^;_piW<"*<^^'t'"".'..'..".-.--...; 
• 1 1 ^^ ^^ ；^^ ；：^ I • 
o • . . , - . - . . , , , - , . . , . 一 1 ” . . . , 一 ： . 〜 . — - . . : : . . . . — 一 ： . : , . ' . , 4 一 . = • . - - . - . — - . . ” . . — . ^ j i 4 < ? " ^ . . ^ ^ y ! ? " ^ ^ ^ ; ^ : : " . . . " . - t - " — 〜 ： . . . . . " . - . . . ' - — f — . . ~ , 一 • i _ . ^ ^ ！ ！ • 
_ _ ：； r - __i I 11 --^**^‘“ . . . . J ^ ,^'-^vsvx^'-^^~'.-x>^^--^^-'-'-^'-^----''^--------^^^^^ 
9 C ••:,"..._>��:"<�.;:�"..'.-—..�:•�•.."-•.�'-•.-:�".•'..-'-w�，^"i*ff^''^-'^".、••-〉^^^ i00： T^ ',‘ “ • I ^ ^ p " ^ ! i • 
)).,„„...一...........,.,i...,._^^^r^.-.,j.....,一‘,一.-.•-....,,-.•..'.…..,t--.-...-..•-"••...••...�..•'.'....•..•.•—.i~..'...•.".•—’.-••-—..•...r.........••••"-•'.一--
t^^ • 
“ V •) ^ > '<. -； -: j ：： 
1.8 ~ ^ ^ 2 0 ^ 3 0 ^ 4 0 ^ 5 ^ 5 9 ~ Y e a r s 
Male 
Figure 5.8. Mean value of constant two-point discrimination of right 
hand (radial side) of female subjects (l:thumb, 2:index finger, 3: 
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Maie Figure 5.21. Mean value of moving two-point discrimination of right 
hand (ulnar side) of male subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Male Figure 5.22. Mean value of moving two-point discrimination of left 
hand (radial side) of male subjects (l:thumb, 2:index finger, 3: 
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Figure 5.8. Mean value of constant two-point discrimination of right 
hand (radial side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.25. Mean value of constant two-point discrimination of 
right hand (ulnar side) of male subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.8. Mean value of constant two-point discrimination of right 
hand (radial side) of female subjects (l:thumb, 2:index finger, 3: 
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Maie Figure 5.27. Mean value of constant two-point discrimination of left 
hand (ulnar side) of male subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.8. Mean value of constant two-point d i s c r i m i n a t i o n of right 
hand (radial side) of female subjects (l:thumb, 2:index finger, 3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5.29. Mean value of cutaneous pressure threshold of right 
hand (ulnar side) of male subjects (l:thumb, 2:index finger，3: 
middle finger, 4: ring finger and 5: little finger) 
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Figure 5 30. Mean value of cutaneous pressure threshold of left hand 
(ulnar side) of male subjects (l:thumb, 2:index finger, 3: middle 
finger, 4: ring finger and 5: little finger) 
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Figure 5.31. Mean value of cutaneous pressure threshold of left hand 
(ulnar side) of male subjects (l:thumb, 2:index finger, 3: middle 
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Figure 5.32. Mean value of skin hardness of right hand (radial side) 
of male subjects (l:thumb, 2:index finger, 3: middle finger, 4: ring 
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Figure 5 35. Mean value of skin hardness of left hand (ulnar side) of 
male subjects (l:thumb, 2:index finger, 3: middle finger, 4: ring 
finger and 5: little finger) 
There was a consistent trend throughout the study that cutaneous 
pressure threshold, moving and constant two-point discrimination 
and skin hardness increased as the age of the subject increased. In 
addition, the values of moving two-point discrimination were found 
to be statistically lower than the corresponding values of constant 
two-point discrimination (paired t test, p=0.000) (Table 5.5). The 
measures of cutaneous pressure threshold, moving and constant two-
point discrimination of both side of thumb, radial side of index 
finger were computed by West for independent variable; sex. Table 
5.6 displayed those statistical significance at p<0.05. Female tended 





Paired t-test for Dependent Variables: M2PD Vs C2PD 
~ Variables Mean(mm) E 
RM2PDlR Vs RC2PDlR 2.82 Vs 3.17 0厕0 
RM2PDlU Vs RC2PDlU 2.8 Vs 3.19 0.000Q 
PM7.PD2R Vs RC2PD2R 2.71 Vs 3.15 0.W00 
TM2PDlR Vs LC2PDlR 2.85 Vs 3.2 0厕0 
T M9Pni T T Vs T .C2PDlU 2.79 Vs 3.22 0.0000 LM2PD2R Vs LC2PD2R 27.1 Vs 3.13 0.0000 Table 5 5. Comparison between moving two-point and constanttwo-
point discrimination for reciprocal (similar) sites of thumb and mdex 
finger of both hands, n=100 
t-tP,^ t for Tndependent Variable (Sex); Male Vs Female “ 
I M a l e ~ Female Male Female 
Dep. Var. Pvalue _ ^ j g g ^ ^ _ J ^ j g g I L _ ^ ! ^ J g ^ S t = e v . 
R c W l R ] ^ ; ^ _ l : 5 ^ H E L _ ^ : 5 2 H y i L _ 2 : ^ — — ^ ¾ ^ ^ ^ ^ ^ ^ _ J ^ 5 5 2 H 3 ^ ^ : 5 2 m S L _ ^ ^ _ _ ^ : | g ~ RC?E5^_2:5q3J___l:^?S^SL__2:§§HH!L_^:g|——二 L C 2 ^ ^ ^ ^ H I _ l : 5 2 H H 2 _ _ > ^ : 2 ^ _ ^ — — ^ ^ g ~ : ^ ^ : : ^ ^ ^ M l ^ > M Z | s _ _ ^ _ ~ ^ ^ " i ^ w ^ ; ^ n r j ^ _ M i ^ = = ^ : ^ s ^ _ ^ ^ ^ + = ^ ^ ^ 
" T ^ ^ W " " ^ ^ ^ ^ t ^ ^ ^ ^ n ^ ^ ^ ^ T ^ " " " ^ ^ ^ 
T ^ w m F " j : ^ _ 2 : i i i L _ _ M g s ^ _ ^ ~ ~ ^ ^ 
: ^ ^ Z , O ^ ^ O A ^ ^ ^ _ _ ^ _ _ 1 ^ 
T ^ ^ ^ ^ ^ ^ ^ _ m 0 1 _ 0.064g^_0.057 I 0.049 
Table 5 6 C o m p a r i s o n between males and females for simlar sites 
l r S ^ a ^ ' a n H u m b of both hands, n=100 (only results with a 二 = sSificance were shown, P<0.05, 2-tailed student's t test) 
Since 97% of the sample subjects were right handed, so, values from 
both sides of the thumb and the radial side of index finger of right 
hand were used to assess the effects of age, dexterity level and skin 





Moving two-point discrimination 
~rad ia l t humb~ | ulnar t h u m b ~ radial I/F 
B P value B P value B P value 
Age 0.5657 0,0000" 0,7255 ¢.0000 ¢.5009 0.0000 
Dexterity Level 0.0776 0.2308 0.0600 0.3858 0.1265 0.0882 ~ ^ 
hardness 0,2667 0.0038 0.0383 0.5981 0.2577 ¢.0073 
Constant two-point discrimination 
radial thumb~~| ~ u l n a r thumb~~ radial I/F 
B Pvalue B Pvalue B P value 
Age 0.7364 0.0000" ¢.7156 0,0000 0.5342 ¢.0000 
Dexterity 
Level 0,0927 0,1759 0,2424 0，7396 -0,0315 0.6889 ~ ^ ~ t ^ “ hardness 0.0104 0.9125 -0.3412 0.6566 0.1506 0.1377 
Cutaneous pressure threshold 
~ r a d i a l thumb~| ulnar t h u m b ~ radial I/F 
B Pvalue B P value B P value 
Age 0.5476 0.0000" 0.6960 0.0000 0.6303 0.0000 
Dexterity Level -0.0409 0.5612 -0.0651 0.3822 0.0489 0.5017 ~ ^ 
hardness |o.22S3 0.0239| -0.5220 0.5052 |0.1106 0.2376 
Table 5.7. Multiple regression analysis of dependent variables 
(moving two-point discrimination, constant two-point discrimination 
and cutaneous pressure threshold) versus independent variables (age, 
level of dexterity and skin hardness) with P value <0.05 were 
highlighted 
Age was the most significant factor in the tests results, with statistical 
significant difference in all the tests. The older the subject, the 
higher is the magnitude of the these values. Dexterity level does not 
affect the measurements whereas skin hardness was an important 
factor only in some tests. 
8 3 
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5.5 DISCUSSION AND IMPLICATION 
This study provides comprehensive discrete values for cutaneous 
pressure threshold, moving and constant two-point discrimination 
tests in a local Chinese population stratified by age and sex. It 
demonstrated that skin hardness is dependent of age. The subjects 
tested included students, housewives, blue collar workers, office 
workers and heavy labourers. Results for those hands with normal 
neurological function demonstrated that age directly affecting any 
measures of cutaneous pressure threshold, moving and constant two-
point discrimination. The age-related reduction of number of 
peripheral nerve fibre and the innervation density of 
mechanoreceptors were thought as the main factors in decreasing the 
tactile sensibility. This idea is supported by Johansson & Vallbo 
(1979) saying that the number of myelinated fibres innervating the 
total glabrous skin of the hand would be reduced by about 5% per 
decade, from 17,000 in young adults to 13,000 in the eighth decade. 
Furthermore, Bolton et al. (1966) reported that the number of 
Meissner corpuscles would be decreased during ageing. They 
concluded that the range of number of corpuscles per square 
millimetre in 11 to 30-year-olds is 12 to 38; in 51 to 70-year-olds is 
4 to 26 and in 71 to 84-years-olds is 3 to 14. So, decreasing number 
of nerve fibres and sensory corpuscles density are believed to be the 
main factors in increasing the measured magnitude of cutaneous 
pressure threshold, moving and constant two-point discrimination. 
Skin hardness is directly proportional to ageing process and work 
nature of an individual. In this study, there was no definite 
correlation between skin hardness and the measured values of 
cutaneous pressure threshold, moving and constant two-point 
8 4 
discrimination. This meant that both slowly and quickly-adapting 
fibre/receptor systems may function independently of skin hardness. 
It can be revealed by an interesting study by Watts et al. in 1994 in 
which the ability of a surgeon to discriminate pairs of sutures while 
wearing double gloves was investigated. It was found that double 
gloving, similar to an increase in skin hardness, did not affect 
identification of pairs of sutures. Besides, careful examination of 
these 100 subjects studied showed that, none of them had true 
callosities over the fingertips. 
From this study, female was found to possess better capacity and 
versatility in tactile sensibility. There was no statistical significance 
in moving two-point discrimination between female and male can be 
explained as moving stimulus will cause greater areas of skin to be 
stimulated, so that the brain has more afferent information to work 
on. Besides, if the values of cutaneous pressure threshold, moving 
and constant two-point discrimination of radial and ulnar side of 
thumb and index finger were compared by paired t-test. No 
statistical significance were found. It did not support any previous 
studies that ulnar innervated areas were less than median innervated 
areas (Gellis & Pool, 1977) or vice versa (Louis et al, 1984). 
When the normal values of moving and constant two-point 
discrimination were compared with those values presented by Louis 
et al in 1984, no statistical significance between two set of data were 
drawn. In addition, the normal values of moving and constant two-
point discrimination were fall into the category of excellent whereas 
only subjects aged not greater than 40 years can perceive "excellent" 
cutaneous threshold pressure according to the classification of 
sensibility recovery that was used in longitudinal study (derived 
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from Mackinnon & Dellon, 1988; Tajima & Imai, 1989 and 
Glickman & Mackinnon, 1990). The contributions of this study were 
that the normative data of cutaneous pressure threshold, moving and 
constant two-point discrimination of Chinese people can prove that 
the scoring system employed in longitudinal study was valid and 
same system can be used for the evaluation of treatment result in 
main study. In addition, the confounding variables such as the 
occupation and skin hardness of the fingertip can be out of 
consideration whereas age of the subject should be regarded as a 




PROSPECTIVE RANDOMISED STUDY OF EARLY 
TACTILE STIMULATION IN DIGITAL NERVE 
INJURIES 
6.1 INTRODUCTION 
In chapters three and four, the findings of longitudinal studies of 
sensibility recovery of digital nerve injuries reviewed a commonly 
poor sensibility recovery in these patients, but also a strong demand 
for a better sensory rehabilitation of this common injury. In chapter 
two, the benefits of tactile stimulation in peripheral nerves injuries 
were explained. Briefly, tactile stimulation by means of touch can 
stimulate slowly and quickly adapting fibres and mechanoreceptors 
to function more effectively and efficiently; it stimulates 
reorganisation of the somatosensory cortex and formation of new 
axonal connections as a result of unmasking of previous suppressed 
synapses and axonal sprouting especially crossover reinnervation. 
These changes are specifically induced by early tactile stimulation 
(Merzenich & Kaas, 1982; Merzenich et al, 1983a, 1983b). Although 
commonly used sensory reeducation techniques suggested by Dellon 
(1981) included some forms of tactile stimulation, they mainly 
catered for patients who suffered from median and ulnar nerve 
injuries at the wrist and started only about three to four months after 
nerve repair. The waiting was for the return of 30-cps vibration 
sense. Traditionally, the period of rehabilitation programme for 
different digital nerve injuries is dependent on the type of associated 
injuries. From the retrospective study, no specific programme was 
provided for pure digital nerve injury. Rehabilitation was provided 
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for those digital nerve injuries that occurred with tendon or bone 
injury. But, the emphasis of rehabilitation was mainly on the motor 
elements, including splintage which was directed to the nerve repair, 
electrical stimulation, pressure therapy, active and passive 
mobilisation as well as strengthening programme. The rehabilitation 
period ranged from one to four months which is depended on the 
severity and type of associated injuries. There was no long term 
rehabilitation and assessment for digital nerve injuries and the results 
of functional sensibility, as shown in chapters 3 and 4 were 
unsatisfactory. Although Shieh et al. (1995) had suggested to use 
disk-criminator as home program of sensory reeducation, no details 
in respect to the training protocol and the effectiveness of this mode 
of stimulation were reported. The purpose of this study was to 
evaluate the effect of using early tactile stimulation in rehabilitation 
of digital nerve injuries since it is the most frequent injured 
peripheral nerve. Hoping that by means of this early sensory 
retraining, we can improve the sensibility recovery of digital nerve 
injuries. 
6.2 OBJECTIVES 
To investigate the effect of using early tactile stimulation in 
rehabilitation of digital nerve injuries. 





Patients who had complete cut of digital nerve/s distal to the 
metacarpophalangeal joint of the finger were included in this study. 
Patients were excluded if they were unwilling to join the study or 
failed to comply with the re-assessment procedures for six months 
after operation. In addition，patients were also excluded if skin 
grafting or skin flaps were required for skin closure or when 
significant painful neuroma developed after surgery. Besides, 
patients were also excluded if there was a Mstory of diabetes and skin 
disease that may affect assessment The injuries of these patients were 
classified into one of 4 different classes: class 1 (digital nerve 
injuries alone); class 2 (digital nerve injuries with tendon injury); 
class 3 (digital nerve injuries with hand fracture) and class 4 (digital 
nerve injuries with combined tendon and bone injuries, but not a 
complete amputation) similar to chapter 4 (Table 6.3). 
Randomisation and Grouping 
All of the recruited patients were randomly divided into two groups， 
control and experimental group, by a random table (Appendix III). 
Instrumentation 
to this study, two types of tactile stimulator were specifically 
designed. The first one was m d e of a rotating disk of 15cm in 
diameter with 20 wedge-shaped structures ( 1 8 � e a c h ) with 
alternating raised portion (lmm) and depressed flat surface (Figure 
6.1). This rotating stimulation disk was attached to a gear motor that 
was rotated at the rate of 1 rev/s. The disk and the motor were 
housed in a metal box with a window through which a portion of the 
rotating disk protruded. Appendix IV showed the schematic diagram 
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of the internal structure of this tactile stimulator. Furthermore, a 
portable pocket tactile stimulator was designed. It was made of a 
plastic block of 4.5cm length x 3cm width x 3,2mm thick. There was 
one row of 1 cm long and 1mm wide staples which were raised 1mm 
above the surface of the plastic and were spaced at 2mm intervals. A 
second row of staples of equal dimensions were spaced at 5mm 
intervals. This difference in groove intervals was designed to 
provide 2 gradations of tactile stimulation for the hand, when the 
fmgers stroke and press the gratings. The intervals 2mm and 5mm 
were chosen basing on the worldwide accepted normal values of 
moving two-point discrimination (2mm) and constant two-point 
discrimination (5mm) assessments. The appearance of this tactile 
simulator was intentionally madejust like a key holder so that it was 
easily and conveniently to be carried around daily (Figure 6.2). 
Rehabilitation Program 
All patients received a srandard rehabilitation progmmme，including 
splintage, active and passive mobilisation, electrical stimulation, 
pressure therapy and strengthening activities according to his 
injuries. For patients who were randomised to the experimental 
group, they received in addition an early tactile stimulation training 
proramme. A consent form was signed (Appendix V). The training 
protocol of this early tactile stimulation started at three weeks after 
operation which was usually the time to remove any protective 
splintage and was a safe time to start mobilisation activities. After 
mapping out the insensate area, patients would be asked to sit in front 
of the rotating stimulation equipment and to maintain contact of the 
injured finger with the rotating stimulation disk through the window 
for 20 minutes, usually twice a week (Figure 6.3). In addition, they 
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were asked to carry the pocket tactile stimulator and use the injured 
finger to stroke and press over the gratings for 1.5 hours in total 
everyday as a home program so as to provide intensive tactile input 
to the insensate area (Figure 6.4). During tactile stimulation, patients 
were instructed first to observe and feel the action. Afterwards, they 
were asked to close their eyes to feel the stimulus for 5 minutes, then 
reopened their eyes to integrate this tactile experience with vision for 
5 minutes. There was no alternation of this porgramme for 6 
months. For patients randomised to the control group, no such 
programme was provided. 
Sensibility Assessment 
All patients were assessed for cutaneous pressure threshold using 
Semmes-Weinstein monofilaments and moving and constant two-
point discrimination with discriminator for spatial discriminative 
sensibility. Patient's subjective appraisal of sensibility recovery at the 
end of six months were also recorded. The same classification of 
sensibility recovery was used as in chapter four (Table 4.2) was used 
throughout this study. Assessments were performed by two 
independent assessors, one of whom was always the author. Inter-
rater reliability was calculated to see any inter-rater variation and 
dependability of the data collected. If the reading measured by two 
assessors was different, the lower one would be adopted. The 
assessment positions and procedures had been standardised by trial 
testing which was described in chapter two. In addition, an 
instruction manual including the testing position and procedure was 
distributed to each assessors for reference (Appendix I). 
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Descriptive statistic was used to describe the data collected and all 
data were then analysed by inter-rater agreement (Kappa) and inter-
rater association (Spearman correlation) to check the reliability of 
the data collected by different examiners. Mann-Whitney U test was 
used to test any statistical difference between experimental and 
control group as well as to test any inter class difference between 
control and experimental groups. In addition, Kruskal-Wallis 
ANOVA was used to find out any difference existed between four 
different classes within each group. Lastly, multiple regression 
analysis was used to determine the contribution of different 
variables, both independent variables (control Vs experimental 
group) and confounding variables (mechanism of injury; level of 
injury ; associated injuries; smoking habit and age of patient) on the 
prediction of sensibility recovery ( determined by cutaneous pressure 
threshold, moving two-point and constant two-point discrimination 
and MRC grading for peripheral nerve injuries) of digital nerve 
injuries. All of the above mentioned statistical tests were 
computerised by STATISTICA for Macintosh and statistical 
significant was set at p< 0.05 level. 
6.4 RESULTS 
Totally, sixty patients with eighty-eight digital nerves were recruited 
initially. However, eleven patients (thirteen digital nerves) were 
excluded finally as six patients defaulted follow-up, four patients did 
not stick to rehabilitation protocol suggested and one developed 
painful neuroma at one month post operation. As a result there were 
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49 patients left in the study: 25 patients (18 male and 7 female) with 
33 digital nerve injuries in control group, the age range was 19 to 51 
years with a mean of 37.8 years (Table 6.1), there were 24 patients 
(20 male and 4 female) with 32 digital nerve injuries in the 
experimental group, the age range was 20 to 64 years with a mean of 
42.1 years (Table 6.2). Distribution of involved digits (Figure 6.5), 
digital nerve (Figure 6.6) and associated injuries (Table 6.3) were 
analysed and compared between the groups. Furthermore, level of 
injury, mechanism of injury, course of injury, and smoking habit of 
patient were also recorded and analysed (Figure 6.7 to 6.10). 
Male Female Total 
No. of No. of No. of No. of No. of No. of No.of No.of No. of 
Age patients digits digital patients digits digital patients digits digital 
(yr) nerves nerves nerves 10-19 1 ~ 2 2 —0 0 0 1 2 2 _ 
j > n j ^ _ ^ _ ^ ~ 2 ~ 0 0 0 2 2 L 
30-39 4 ~ 4 “ 6 6 6 7 10 10 _ 1 2 _ _ 
j 2 j g _ Z H Z I _ 2 _ Z ^ E I _J__一―1 1 10 l_0 il_ 
50-59 ~ 2 ~ 2 — 3 0 0 0 g 1 2 _ 
" T o t a l 1 8 1 9 2 5 7 7 8 2 5 2 6 | _ J 3 _ | 
Table 6.1. Control group: Age and sex at time of injury (19 digits 
sustained single nerve injury; 7 digits sustained both nerves injury) 
Male Female “ Total 
No of No.of No. of No. of No. of No. of No.of No.of No.of 
Age patients digits digital patients digits digital patients digits digital 
(yi^  nerves nerves nerves 
; ^ ^ ; ~ 3 3 ~ 3 ~ _ _ 1 1 1 4 i — 
J ^ Z Z Z Z l Z _ L L _ _ 1 1 1 5 ^ — — ^ 
^ ^ ^ _ ^ ^ ~ T ^ 6 2 _ 2 2 5 6 _§_ 
1 5 ^ 3 " " T ^ 3 0 _ 0 0 3 3 1 _ 
_ g ^ _ J _ _ 4 5 0 0 0 3 4 6_ 
Total 20 23 28 4 4 | 4 _ 24 27 3 2 \ 
Table 6.2. Experimental group: Age and sex at time of mjury (22 
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Figure 6.10. Smoking habit in control and experimental group 
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. . ^ ^ _ _ _ ^ _ ^ _ ^ ^ ^ ^ ^ ^ ^ M W ^ M ^ - ^ " - ' ^ ^ “ Control~ Experimental 
group group 
Class 1 
Pure digital nerve injury 9 _§ 
Class 2 
Digital nerve + tendon injury ^ 15 
Class 3 
Digital nerve + fracture 3 4 
Class 4 
Digital nerve + tendon + fracture 5 ]^ 
Table 6.3. Number of digital nerves with different associated injury 
in control and experimental group 
The distribution of overall sensibility recovery in control and 
experimental group at three weeks and six months after repair were 
summarised in Table 6.4 and 6.5. For the moving and constant two-
point discrimination at three weeks after repair, over 90% of 
patients, no matter which groups they belonged to, cannot 
discriminate any moving and constant two points. However, at six 
months after repair, the number of patients that can discriminate 
moving and constant two points were remarkably increased in 
experimental group than control group. With reference to the 
normal value of two point discrimination in distal phalanx (2-4mm) 
(Dellon, 1981)，28% of patients in experimental group can recover 
normal two-pint discrimination whereas in control group, only 9% 
of patients can do so. In addition, more patients recovered better 
cutaneous pressure threshold in the experimental group. 
* 
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Recovery of cutaneous pressure threshold >279.4g, 279.4-4.64g, 4.19g, .445::23¾, .217-.172g, .08-.008g 
W T 6 16 4 7 0 U ~mi r ~ 1 9 12 ^ 1—— Recovery of moving two-point discrimination 
>15mm ll-15mm 7-lQmm 2-6mm 
1752 32 1 0 0 
"6/n"" 14 6 9 J： Recovery of constant two-point discrimination >15mm ll-15mm 7-lQmm 2-6mm "3752 32 1 0 0 — 
" W 18 7 5^ 5 “ Final MRC grading So S1 S2 S3 S3+ S4 . r ^ I 2 8 8 6 7 2 1 
Table 6.4. Control group: distribution of overall sensibility recovery 
at three weeks and six months after repair, n (digital nerves)= 33 
Recovery of cutaneous pressure threshold >279.4g, 279 4-4.64g, 4.19g，.445-.235g, .217-.172g, .08-.008g 
3/52 1 19 1 9 2 0 _ - m ^ 0 2 2 16 11 1—— Recovery of moving two-point discrimination 
>15mm ll-15mm 7-lQmm 2-6mm 
w y 31 1 0 : 
^ 5 10 / 10 — Recovery of constant two-point discrimination >15mm ll-15mm 7-lOmm 2-6mm 
3/52 29 2 i ^ —— 
W 6 14 3 ^ Final MRC grading So S1 S2 S3 S3+ S4 
6/12 0 2 6 2 14 8 
Table 6.5. Experimental group: distribution of overall sensibility 
recovery at three weeks and six months after repair, n (digital 
nerves)= 32 
Sensibility recovery of control and experimental group graded by 
MRC grading for peripheral nerve injuries were displayed in Figure 
6.11. 8 patients from experimental group can attain S4 whereas only 
2 patients from control group can do so. Besides, higher percentage 
1 0 1 
1 
I 
of sensibility recovery were expressed by those patients who 
belonged to experimental group (Figure 6.12). 
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Figure 6.11. Sensibility recovery of control and experimental group 
graded by MRC at six months after repair 
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Figure 6.12. Self appraisal of sensibility recovery of control and 
experimental group six months after repair 
1 0 2 
If the findings of various sensibility testings from experimental and 
control at six months after repair were catagorised into two groups: 
poor to fair and good to excellent, the experimental group gave 
better results in revovery of moving and constant two-points 
discrimination, P<0.05 (Table 6.6). 
Testings Category Experimental group Control group P-value n-32 n:33 
~ ^ F f “ poor-fair ^ ^ ^.292 
^ ^ ^ _ good- excellent ^ ^ 
C2PD poor-fair 62% 76% 0.032 
good-excellent ^ 2 ^ 
M2pd poor-fair 现 61% 0.047 
good-excellent | ^ 39% 
Table 6.6. Recovery of cutaneous pressure threshold, moving and 
constant two-point discrimination between experimental and control 
group at six months after repair 
On the other hand，when the values of these sensibility submodalities 
were analysed by Mann-whitney U test (Table 6.7.). There was a 
better recovery of functional sensibility in the experimental group in 
terms of moving two-point and constant two-point discrimination at 
the end of rehabilitation programme (six months after repair) as well 
as the final MRC grading (p<0.05). 
‘ Rank Sum Rank Sum 
Variable E-^roup C-group U Z P _ : ^ e 
CPT(3/52)~ 1096.5 1048S 487.5 -.5314 0.5951 
CPT(6/12) 1182.5 ~ 9 6 2 . 5 401.5 -1.659 0.0969 
M2PD (3/52) —1056.5 1088.5 527.5 -.0065^_0.9947 
^ : [ ^ ^ ^ ^ ^ g ^ ^ 2 ^ 5 Q02.5 341.5 -2.447 0.0144 
popp (^l^n) mon 10SS 494 -.4461 0,6555 
p . p p (^/1o) j i o g ^ _ j S 7 _ 296 -3.044 0.0023 
y ^ 1 3 0 7 ~ 838 277 -3.293 0 - ^ ^ 
Table 6.7. Mann-whitney U test for comparison of different 
sensibility recovery of control & experimental group 
1 0 3 
j I 
I 
If the sensibility recovery of all the digits with single digital nerves 
injury of both groups put to analyse by Mann-Whitney U-test, those 
single digital nerve injuries in experimental group also showed better 
recoveries (Moving 2PD discrimination: P=0.0023, constant 2PD: 
P=0.0037). The sensibility recovery of cutaneous pressure threshold, 
moving and constant two-point discrimination in different injuries 
classes of two different groups were separately considered and were 
I 
displayed in Figure 6.13 to 6.24. 
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Figure 6.13. Control group: Recovery of moving two-point 
discrimination in different classes at three weeks after repair 
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Figure 6.14. Control group: Recovery of moving two-point 
discrimination in different classes at six months after repair 
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Figure 6.15. Control group: Recovery of constant two-point 
discrimination in different classes at three weeks after repair 
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Figure 6.16. Control group: Recovery of constant two-point 
discrimination in different classes at six months after repair 
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Semmes-Weinstein Monofilaments Figure 6.17. Control group: Recovery of cutaneous pressure 
threshold in different classes at three weeks after repair 
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Figure 6.18. Control group: Recovery of cutaneous pressure 
threshold in different classes at six months after repair 
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Figure 6.19. Experimental group: Recovery of moving two-point 
discrimination in different classes of at three weeks after repair 
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Figure 6.20. Experimental group: Recovery of moving two-point 
discrimination in different classes at six months after repair 
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Figure 6.21. Experimental group: Recovery of constant two-point 
discrimination in different classes at three weeks after repair 108 
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Figure 6.22. Experimental group: Recovery of constant two-point 
discrimination in different classes at six months after repair 
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Figure 6.23. Experimental group: Recovery of cutaneous pressure 
threshold in different classes at three weeks after repair 
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Figure 6.24. Experimental group: Recovery of cutaneous pressure 
threshold in different classes at six months after repair 
When examining both the inter-rater agreement and inter-rater 
association, all measurement (Appendix XII). There was no inter-
rater variability (Kappa value and Spearman coefficient) (Table 6.8). 
So the data collected were trustworthy with high inter-rater 
reliability. 
“ “ Kappa 
Agreement Spearman 
Coefficient Coefficient Sensibility Testing (K) (R) Significant Cutaneous pressure threshold 
of control ^roup (3/52) 0 j 4 ^ 卩<讓 
Cutaneous pressure threshold 
^f — n 1 pronp _ 0.91 0 ^ — — ? < � . _ 
Cutaneous pressure threshold 
-f T — t Q l n 舰、 0.94 0.974 P<0.000 
Cutaneous pressure threshold 
nf .xperimentJ proup (6/12) 0.89 0.975 ? < 0 崖 
= 盟 — 1 1 _ _ _ P ^ 
^ g g ^ ^ — l 0.S7 0 . 9 7 3 ^ ^ ^ 110 
! I 
！ i 
Moving 2PD of experimental 
group (3/52) 1 1 P<0 _ 
Moving 2PD of experimental 
group (6/12) 0 ^ 1 P<0.000 
Constant 2PD of control 
group (3/52) 1 1 P<0 000 
Constant 2PD of control 
group (6/12) 0.91 0.941 P<0.000 
Constant 2PD of 
experimental group (3/52) 1 0.986 P<0.000 
Constant 2PD of ^ 一 
experimental group (6/12) 0.92 0.934 P<0.000 
Table 6.8. Inter-rater agreement and inter-rater reliability of 
sensibility testing of control and experimental group 
Kruskal-Wallis ANOVA was then used to find out any difference 
existed between four classes of digital nerve injuries within both 
control and experimental group. There was no statistical significance 
between recovery of cutaneous pressure threshold, moving two-point 
and constant two-point discrimination among four classes of digital 
nerve injuries at six months after nerve repair in control group 
(Table 6.9). Besides, the recovery of cutaneous pressure threshold 
and constant two-point discrimination among four classes of digital 
nerve injuries at six months after nerve repair in experimental group 
were also found to be statistically insignificant excepting moving 
two-point discrimination (Table 6.10). 
— Sensibility recovery Pvahie 
Cutaneous pressure threshold 0.1309 
Moving two-point discrimination 0.5312 
Constant two-point discrimination 0.3619 
Table 6.9. Control group: Comparison of cutaneous pressure 
threshold, moving two-point discrimination, constant two-point 
discriminktion at six months between different injury classes 
(Kruskal Wallis ANOVA) 
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Sensibility recovery P value 
Cutaneous pressure threshold 0.1706 
Moving two-point discrimination 0.0330 . 
Constant two-point discrimination 0.2034 
Table 6.10. Experimental group: Comparison of cutaneous pressure 
threshold, moving two-point discrimination, constant two-point 
discrimination at six months between different injury classes 
(Kruskal Wallis ANOVA) 
Mk 
On the other hand, when different classes of injuries were J 
considered. The experimental group gave better results although not ！ 
all reached statistical significant. Moving two-point discrimination i 
_ 
was statistical significant (p=0.0485) in class 1 (Table 6.11); constant 丨 
1 
two-point discrimination was statistical significant (p=0.04521) in • 
class 2 (Table 6.12); cutaneous pressure threshold (p=0.0339) and 
constant two-point discrimination (p=0.0339) were statistical 
significant in class 3 (Table 6.13). Nevertheless, no statistical 
significant difference can be drawn from any sensibility 
submodalities in class 4 (Table 6.14). Furthermore, if the final 
grade rated by MRC of four classes were also taken into account in 
analysing the overall sensibility recovery, class 1 to 3 from 
experimental group displayed highest rank sums and were statistical 
significant than corresponding classes in control group. The above 
findings substantiated that the sensibility recovery in experimental 
group was better that control group. In addition, it also showed 
clearly that the influence of associated injuries will affect the final 
result of a nerve repair. 
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Rank Sum Rank Sum 
Variable E-group C-^roup U Z P-value 
rTTTYq/< )^� 7QS 73.5 28.5 -0.72169 0.4705 
C F f m 2 T " 86 _ 67 ^ -1.34715 0.1779 
M2PD (3/52) 72 81 36 0 1 _ 
M a r o (6/12) 92.5 60.5 — 15.5 -1.97261 0.0485 
C2PD (3/52) 72 81 36 0 1 _ 
C2PD (6/12) 8 8 . 5 ~ 64.5 一 19.5 -1.5877 0.112 
^ ^ 96.5 56.5 11.5 -2.3575 0.018 
Table 6.11. Mann-whitney U test for class 1 of control & 
experimental group • 1 
Rank Sum Rank Sum | 
Variable E-group C-group U Z P_value ； 
CPT(3/52)~ 122 229 67 -0.6851 0.4932 � 
"CFn67T2T^ 137 214 ~ ^ -0.1054 0.9160 
1 V [ ^ G/52^ ~ ~ 1 ^ ~ ~ 208 — 72 -0.4216 0.6732 
'mPD (6/12) 166.5 184.5 48.5 -1.6602 0.0968 
C2PD (3/52) 143 208 72 -0.4216 0.6732 
C2PD (6 /12 ) "~ 173 ~ ~ m ~ 42 -2.0027 0.0452 
MRC 179.5 171_5 35.5 -2.3453 0.0190 
Table 6.12. Mann-whitney U test for class 2 of control & 
experimental group 
Rank Sum Rank Sum 
Variable E-group C-group U Z P_value 
r p T f ) ，ns 7 � 1.5 -1.5909 0.111 
; c g f ^ 1 2 ~ 6 0 -2.1213 0.033 
M2PD (3/52) “ 16 12 6 0 ^ _ 
M2PD7^~"^ 7 1 -1"677 0.077_ 
C2PD (3/52) 16 12 6 0 1 
C2PD (6/12) 22 ^ Q -2.1213 0.033 
MRC 22 6 0 -2.1213 0.033 




Variable E-group C-group U Z P - v g ^ 
CPT(3/52) 85 35 20 -0.6123 0.5402 
" C F f ^ 6 7 I ^ 8 4 . 5 ~ 35.5 20.5 -0.5511 0.5815 
M ^ T O G ? ^ 75 — 45 20 -0.6123 0.5402 
1 ； ； ^ (6/12) 86 34 — 19 -0.7348 0.4624 
T 2 P D ~ O J ^ 8 0 . 5 ~ 39.5 245 -0.0612 0.9511 
C2PD767T2T 88 — 32 17 -0.97980 0.3271 
1 ^ 89.5 30.5 15.5 -1.16351 0.2446 
Table 6.14. Mann-whitney U test for class 4 of control & 
experimental group ; 
Contribution of different variables on the prediction of sensibility ( 
recovery of cutaneous pressure threshold, moving two-point and i 
constant two-point discrimination as well as MRC grading for digital ！ 
nerve injuries were analysed by multiple regression analysis. For the 1 
above mentioned sensibility modalities，patient's age and tactile 
stimulation program were found to be the two main determinants 
that were statistical significant in prediction of sensibility recovery 
(Table 6.15to6.18). 
Variable Beta regression coefficient P-value ^ J ^ ~ “ -0.233184 0.0524 
Mechanism of injury -0.189032 0.2111 
Level of injury 0.055548 0 . _ 
Associated injuries -0.114905 0.4209 
Smoking habit 0.149607 0.2108 
Tactile stimulation 0.406090 “ 剛 
Table 6.15. Multiple regression analysis between final moving two-
point discrimination and various variables 
114 
Variable Beta regression coefficient P-value A ^ “ -0.244433 0.0476 
Mechanism of injury -0.074858 0.6273 
Level of injury 0.013686 0.9116 
Associated injuries -0.042574 0.7707 
Smoking habit 0.112412 0.3579 
Tactile stimulation 0.455884 " 0 0 3 
Table 6.16. Multiple regression analysis between final constant two-
point discrimination and various variables 
Variable Beta regression coefficient P-value ; 
• A ^ -0.316294 0.0039� 丨�
Mechanism of injury -0.141387 0-2¾! [ 
Level of injury 0.122685 0.2557 ^ 
Associated injuries -0.215080 0.09j^ ； 
Smoking habit 0.095927 0.3675 ！ 
Tactile stimulation 0-531004 0 剩 ] 
Table 6.17. Multiple regression analysis between fmal cutaneous 
pressure threshold and various variables 
i 
Variable Beta regression coefficient P-vahie X i T " -0.301480 0.0170 
Mechanism of injury -0.134033 0-3932 
Level of injury 0.154001 0.2219 
Associated injuries -0.144555 0.3320 
Smokinghabit -0.018620 O.SSM 
Tactile stimulation 0.291945 Q.Q194 
Table 6.18. Multiple regression analysis between MRC grading and 
various variables 
6.5 DISCUSSION / IMPLICATION 
In this study, the main aim was to study the effect of early tactile 
stimulation in the recovery of cutaneous pressure threshold, moving 
and constant two-point discrimination. The result of this study 
statistically proved that early tactile simulation by means of stroking 
and pressing stripe pattern can improve the the recovery of constant 
and moving two-point discrimination of digital nerve injury and 
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thus, improve the functional sensibility. At six months after repair, 
81% and 84% of patients in experimental group can recover contant 
and moving two point discrimination respectively. However, in 
control group, only 45% and 58% of patients can recover contant 
and moving two point discrimination respectively. No statistical 
significant difference was found in the recovery of cutaneous 
pressure threshold between two groups may be due to the fact that a 
single axon may regenerate and innervate proper sensory end organ _j 
successfully and mature enough to give rise normal threshold ( 
potential. But the innervation density of such units are not intensive ； 
enough to enable one to recover moving and constant two-point j 
discrimination. 
The underlying mechanism that improving the recovery of tactile 
sensibility stemmed from the concept of brain plasticity. As ： 
mentioned in chapter two, our brain would respond to nerve injury : 
at which the normal sensory input is deprived by formation of new 
connection, facilitate unmasking of alternative or previously 
subservient pathways in the central nervous system in order to 
maintain normal through alternate routes. Using a part of the body 
more frequently causes it to be given greater cortical representation. 
This is the explanation why constant practice improves performance. 
For that reason, functional engaging the sensory deprived hand in 
activities earlier can cause the cortical cell to receive tactile input 
from other territory. On the other hand, plastic changes in cortical 
maps in learning and memory inspire the idea that our brain can be 
modified in response to external stimulus. It is easily observed this 
phenomenon by seeing the blind to leam how to read the Braille. 
HaUett (1992) pointed out that learning-induced representational 
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plasticity of the sensorimotor system has been demonstrate in blind, 
braille-reading subjects. 
With reference to our current sensory re-education program. There 
are many inherent drawbacks of this program. Traditionally, we 
usually adopt the two phases sensory reeducation which was 
suggested by Dellon, Curtis, and Edgerton since 1974. The concept 
of their suggested training protocol was based on neuron pump 
hypothesis and relative ease of re-innervation hypothesis. Since the •； 1 
diameter of nerve fibre's are different, there is marked difference in j 
the volume of axoplasm of different nerve fibre. Following nerve 丨 
V 
injury, sufficient axoplasm must be produced to fill this axonal | 
volume. So the rate to produce axoplasmin lower volume of thinner 
fibre's is faster than that in higher volume of thicker fibre's in order . 
to re-establish continuity with the fingertip after a nerve division. I 
This is the concept of Neuron pump hypothesis. For the Relative ease 丨 
of re-innervation hypothesis, it is based on the observed axon to 
corpuscle ratios. Therefore, it should be more easy to reinnervate 
the Meissner corpuscle, and then to Pacinian corpuscles and fmally to 
Merkel cell-neurite complex. Consequently, Dellon and his co-
workers expected that there should be a pattern of sensory recovery 
which is , first, pain and temperature, then touch, beginning first 
with 30 cps, then moving-touch, constant touch, and 256 cps. Moving 
two-point and constant two-point discrimination are the last 
submodalities to retum. For that reason, they started training when 
the patient could perceive 30-cps vibration at the palm or finger tips. 
Early-phase reeducation program was focused on training in the 
perception of moving and constant touch localisation whereas late-
phase reeducation program which was initiated when moving and 
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constant touch could be perceived at the finger tips with good 
localisation put more stresses on the size and shape discrimination 
and object recognition with use of familiar household objects. 
However, during the author's daily clinical experience, the pattern of 
sensory recovery sometimes do not follow the pattern suggested by 
them. It was also supported by Janet (1988) who did a clinical 
sensory assessment on twenty nerve-injured cases, she found that 11 
of the 20 cases had returns of 30 cps prior to pain, while 9 patients ; 
had return of pain prior to 30 cps vibration. It may be due to the : 
factors which were mentioned in chapter two as a particular fascicle | 
i 
of sensory submodality or certain nerve fibres within a fascicle were | 
failed to regenerate properly. In addition, the basic concept of their 
program is to help patient leam and reinterpret the altered profile of 
nerve impulse. This means that re-establishment of neural ！ 
connections from peripheral to central or vice versa was already 
determined after nerve injury. This is the reason why their program 
requires "some time" (4-6months) to wait for the retum of "some" 
sensation, so it may lengthen the period of rehabilitation. If six 
months after operation is really the cut-out point for determining the 
results of digital nerve repair (Sullivan, 1985; Chow & Ng，1993; 
Chiu et al, 1995), improvement after 6 months would be minimal. It 
is undoubtedly better to start our program earlier. In chapter three, 
sensory reeducation programme was rarely provided to nerve-
injured patient. It is due to the focus of our contemporary 
rehabilitation program paying more attention on the training of 
motor elements such as joint range and muscle strength, once the 
patient recovered satisfactory motor function, he or she would be 
discharged from the rehabilitation program. Moreover, some 
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surgeons, nowadays, believe that sensibility recovered in a slower 
manner so as to re-establish the neural connections. 
The mechanism of improvement in measured functional sensibility 
after sensory reeducation cannot be the result of the rehabilitation 
promoting peripheral neural regeneration, in this study, enough time 
has elapsed after nerve reconstruction that axonal regeneration 
should have reached the distal phalanx, if calculated at a regeneration 
rate of lmm/day. The most likely explanation for the observed |^  
effect, perhaps, is cortical reorganisation due to increased neural , 
activity in the post-central gyrus as well as local topographical ^ 
I 
changes induced by early specific tactile stimulation especially 丨 
crossover innervation by normal neighbouring territory (Digits 
with single nerve injury in experimental group showed better 
recoveries than that of control group). Returning back to the content | 
of our current sensory reeducation program, it is mainly provided 
for those patient who has median or ulnar nerve injury. However, in 
our daily practice, we know that the most frequent injured 
peripheral nerves is digital nerve. No structured program was ever 
mentioned in any articles concerning the sensory reeducation and 
home program of digital nerve injury, despite Dellon in 1981 had 
said that sensory reeducation can be applied in digital nerve injury 
and disk-criminator can be used as a home program for peripheral 
nerve injury (Vitkus et al, 1989; Wei & Ma, 1995). In author's 
clinical experience, a structured home program for sensory 
retraining of nerve-injured patients is very important for them to 
understand and follow what we want them to do at home. The 
success of this small scale study shed an inspiration of using early 
specific tactile stimulation in a behaviourally controlled manner in 
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I 
improving the functional sensibility of digital nerve injury. We can 
now take up a more active role in sensory rehabilitation so as to 














CONCLUSIONS AND RECOMMENDATIONS 
7.1 CONCLUSIONS 
The main aim of this project is to evaluate the effect of using early 
tactile stimulation in rehabilitation of digital nerve injuries in 
improving functional sensibility. Before the conduction of the main 
study, aretrospective study was carried out to investigate the extent I 
I' 
of sensibility recovery of peripheral nerve injuries and the 
availability of current sensory rehabilitation program. The results of 
this study showed that digital nerve injury was the majority of all | 
peripheral nerve injuries but was frequently neglected by both 丨 
I 
surgeon and therapist. This study also higMighted the program that , 
the sensibility recovery at the end of rehabilitation was frequently 
unsatisfactory (most of them attained S2 to S3) and sensory 
rehabilitation program was infrequently provided to nerve-injury 
patient. In order to take a closer look at the sensibility recovery of 
digital nerve injury, a prospective longitudinal study was then 
conducted in which different factors such as associated injuries, 
mechanism of injury, level of injury, smoking habit and age of 
patient were taken into consideration to see their effect on the 
sensibility recovery by means of Kruskal-Wallis ANOVA and 
Multiple regression analysis. In consistent with the retrospective 
study, the result of sensibility recovery is poor. For the relationship 
between mechanism of injury, level of injury, associated injuries, 
smoking habit and age of patient on the sensibility recovery of digital 
nerve injuries, the regression coefficient for age, mechanism of 
injury, smoking habit were negative. This meant that the younger the 
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patient, the simpler the injury ( cut Vs crush) as well as no smoking 
habit, the better will be the sensibility recovery. Nevertheless, the 
positive regression coefficient for level of injury indicated that the 
more distal of the injury, the faster was the sensibility recovery. 
However, the conclusions which were drawn from this study was 
limited due to the relatively small sample size on which the findings 
was based. It provided only a general review of sensibility recovery 
of digital nerve injuries and confounding variables that were 
required to consider prior conducting the main study. ‘ 
In view of the need to provide an accurate data base for end-result 
evaluations in main study especially the subjects recruited were 丨 
Chinese people, another study was carried in order to find out the 
normative data of cutaneous pressure threshold, moving and constant 
two-point discrimination in Chinese people of different sex, age and 
their relationships with skin hardness and occupation. When the 
normal values of moving and constant two-point discrimination were 
compared with those values presented by Louis et al in 1984, no 
statistical significance between two set of data were drawn. In 
addition, the normal values of moving and constant two-point 
discrimination fell into the excellent category whereas only subjects 
aged younger than 40 years can perceive "excellent" cutaneous 
threshold pressure according to the classification of sensibility 
recovery that was used in longitudinal study (derived from 
Mackinnon & Dellon，1988; Tajima & Imai，1989 and Glickman & 
Mackinnon, 1990). On the other hand, age-related increase in 
cutaneous pressure threshold, moving and constant two-point 
discrimination and skin hardness were statistically supported by 
multiple regression analysis whereas skin hardness and occupation 
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were not sigificant factors in affecting these sensibility submodalities. 
Furthermore, this study showed that the values of moving two-point 
discrimination were statistically of a lower magnitude than those 
obtained from constant two-point discrimination in all areas tested. 
Female tended to have a smaller magnitude in the values of constant 
two-point discrimination, cutaneous pressure threshold when those 
measures of cutaneous pressure threshold, moving and constant two-
point discrimination of both side of thumb, radial side of index 
finger were computed by t-test for independent variable (sex). 
Finally, the main study of investigating the effect of using early 
tactile simulation in rehabilitation of digital nerve injuries in which 
sixty patients with eighty-eight digital nerves were recruited initially 
in an attempt to increasing the generalisation power of the study. 
However, eleven patients (thirteen digital nerves) were excluded 
later as six patients defaulted follow-up, four patients did not stick to 
rehabilitation protocol suggested and one developed painful neuroma 
at one month after repair. So, there were twenty-five patients (18 
male and 7 female with mean age of 37.8 years) with thirty-three 
digital nerve injuries in control group and there were twenty-four 
patients (20 male and 4 female with mean age of 42.1 years) with 
thirty-two digital nerve injuries in experimental group. Two specific 
tactile stimulators were made and provided for those patients from 
experimental group for early tactile stimulation. Experimental group 
showed statistical significant difference in improving the functional 
sensibility than that in control group at six months after nerve 
repair. Although no statistical significance were found by Kruskal-
Wallis ANOVA analysis at six months after repair between recovery 
of cutaneous pressure threshold, moving two-point and constant two-
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point discrimination among four classes of different associated 
injuries in control group as well as recovery of cutaneous pressure 
threshold and constant two-point discrimination among four classes 
in experimental group, inter-class comparison by means of Mann-
Whitney U test proved that patients from experimental group showed 
better sensibility recovery than those from control group. Moving 
two-point discrimination was statistical significant in class 1 (pure 
digital nerve injury); constant two-point discrimination was statistical 
significant in class 2 (digital nerve plus tendon injury); cutaneous 
pressure threshold and constant two-point discrimination were 
statistical significant in class 3 (digital nerve injury plus bone 
injury). Nevertheless, no statistical significance were found in class 4 
(digital nerve injury with tendon and bone injury). This can be 
explained by the severity of injury does have a relationship to the 
functional end result of digital nerve repair (Tadjalli et al, 1995). 
Those patients in class 4 were suffered from a partial amputation of 
the digit. Yamauchi (1983) said that even after surgery and vascular 
anastomosis, the blood flow is relatively compromised in digital 
replantation. The decreased blood flow may result in nutritional 
imbalance that delay the maturation of regenerating fibre's. In 
addition, larger extent of soft tissue injuries, perhaps, may override 
the effect of sensory rehabilitation. Besides, higher percentage of 
sensibility recovery were expressed by those patients who belonged 
to experimental group. With consideration of confounding variables 
(level of injury, mechanism of injury associated injuries, smoking 
habit and age of patient), age and tactile stimulation were found to be 
the two main determinants that were statistical significant in affecting 
the final tactile sensibility by multiple regression analysis. 
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The results of main study confirmed that sensory rehabilitation can 
be started more earlier, at least for digital nerve injury. In addition, 
early tactile stimulation in a behaviourally controlled manner can be 
considered as an effective way to improve both quality and quantity 
of recovery of tactile sensibility. The training protocol used in main 
study can be acted as a reference for those therapists work with 
nerve-injured patients. 
7.2 RECOMMENDATIONS 
The underlying mechanism of improving tactile sensibility stemmed 
from the idea that there were local topographical changes such as 
unmasking of suppressed synapses and collateral sprouting 
(crossover innervation) from normal neighbouring territory. In 
order to confirm this concept and strengthen the convincing power 
of the study, I would like to suggest to improve the program as use 
of histologic evaluation of fingertip biopsies at the end of training 
period to compare the reinnervated sensory end-organ present within 
fingertip of two different groups. 
However, for those therapists who are interested in the field of 
sensory rehabilitation of nerve injury. I would like to suggest the 
following topic for further research area. 
1. Use of early tactile stimulation in more complicated peripheral 
nerve injury such as median or ulnar nerve injury. 
2. Development of sensory retraining kit for different kind of nerve-
injured patient to practice at home. 
3. How sensory deficit affect one's earning capacity. 





Prospective Study of Sensibility Recovery After Digital 
Nerve Injuries 
(Instruction Manual) 
Purpose of study: 
To investigate the extent of sensibility recovery of a repaired digital nerve. 
Material and methods: . Patients who have complete cut of digital nerve/s with the anatomical site of injury at the distal to the metacarpophalangeal joint of the finger were included in this study. Patients are excluded if they are unwilling to join the study and cannot tum up for re-assessment at six months post operation. In addition, patients are also excluded in whom skin grafting or skin flaps were required for skin closure and significant painful neuroma was developed. The extent of sensibility recovery of the selected digital nerve-injured patient are charted by cutaneous threshold pressure test (Semmes-Weinstein Monofilament) and spatial discrimination test (Moving and Constant two-point discrimination) at three weeks and six months post operation. Besides the usual demographic data, the occupation, hand dominance and smoking habit will also be recorded. Patient are also asked to give a subjective evaluation of retum of sensibility in the area supplied by the injured digital nerve, expressed as a percentage of sensibility when compared with the equivalent area on the contralateral uninjured digit 
Assessment fo rm: 
. Prospective Study of the Sensibility Recovery of Prospective Study of the SensibUity Recovery of DigitaI Nerve Injury (right hand) Digital Nerve Lijury (kft hand) 
Personal Ruticubr 
PcROBlParticuUr. 
Dale of Injury: —• 
Date of Injnry: 一 DateofRepuir. -
Date of Repair ‘ Othcr AssocUusd lnjuiy 
Otber Associated lqjwy. f^ 
^ f ^ M<mofltonwal T««ti J ^ _^_. f 
L | r\ GnylMKUM. | J | 一 
M Oa»ct-iVcppK.»cM»>hai Q \ ~ ( � _j f^ pj Rcd Lo<tdpntodiye>mniH>. M """I \\ 
RMi.U»»ofpt«tertvew»«i<» "^"“ “ |__ W Farplc-Dinakbcdpooctlr.iondoo ^ 3 """" """"^  / ^ 
Putplc - 02»«4«) protcctYC xrnttim [ _ ^ f j L j Blu«.Dniiii.bcaU^ik»ck»a»^ / ^ 
Bfc« - D i - i ^ Ugh. Boci ««tio» r ^ ^ Q Oicca-Noroulrautioo / ^ 
Ct«a-Nonn4KOMtto« \ ^ ^ Two-pokt Discriain*ri<>n Tt>t: \ ^ 
Two-p.iat DfatrlmiMti" To»: V ^ \ MorineirD: 
MoWi^2W>. \ Z ConsOnl 2«>. Coosunl 2FD; ^ |^ofMM«»cnl PoalOp: 
nw.rf"""™^ i>ortOp: .n<raprt 
lVnpit In order to accurately outline the deficit area, the technique of geographic mapping will be used to determine the deficit area. With this technique, the edge of a paper clip is used to map out the area of decreased sensation. Subsequent sensory testing will assess any sensibility changes with the deficit area. Figure 1 illustrat^s hcnv to use the edge of a paper clip to map out the area of decreased sensation and ligure 2 shows that the deficit area is outlined. 126 
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Fig. 1 Fig. 2 
Administration procedure of Semmes-Weinstein Monofilament: 
Patient is oriented to the test before the actual testing procedure. During the test the patient's hand is fully supported on the table with putty underlying the hand to prevent any minute movement of the finger being tested. During the process of assessment, the vision of the subject is occluded either by blindfolding or tuming his head aside. It is better to conduct the test in a quiet room so as to prevent any distraction. AU filaments are applied in a descending order on the skin surface until it bends, that is, apply for 1.5 seconds, hold for 1.5 seconds and remove in 1.5 seconds (Fig.3 ). Besides, it should be aware of any slippage of the filament tip, since this can lead to a lower bending stress and to a greater area of stimulation. However, in order to fadlitate the detection of false-positive responses when administering this test, that is，saying "yes" when the finger has not been touch, a variable time interval between each stimulation or the use of “ catch，，trials in which on stimulus is presented will be adapted. Five out of seven responses must be accurate for scoring at a given filament. It is necess^ to test both sides and along the nerve distributions if both digital nerve was injured. The test progresses until the finest filament which means the smallest perceivable force that the subject can feel is recorded. 
Administration Procedure of Constant & Moving Two point 
Discrimination Test: 




the nerve distributions if both digital nerve was injured. Patient is requir^ to state "one" or "two，" depending upon how many points he feels touch his sk|n. Seven out of ten responses must be accurate for scoring at a given distance of millimetres. If the responses are accurate, the distance between the two points is decreased until an inaccurate response given. Testing stops if responses are inaccurate at 15mm. Therapist records the shorter distance that patient can give an accurate response or record "none" for those patient can not give an accurate response even at 15mm. The administration procedure of moving two-point discrimination test is moreor less the same as the constant 2 point discrimination test. The prongs of the I^sk-criminator are gently moved along the long axis. Patient is required to identified whether there is "one" or "two" is stroking his fingertip. Therapist record the smallest separation of points which could be correctly discriminated seven times in a random series of ten applications of one or two points. Great care is taken to avoid false positive results produced by asynchronous application of two points or the application of a greater total force with two points to stimulate pain sensation. 
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F — HNGER DEXTERITY: TTie ability to move Uic fingers and manipul^ smaU objects with 
thc flngers rapidly or accurately. 
Lilerpmtive ^formation for Analysts: Finger dexterity is pr^senl y t $ = : n ! f a S = i S ! " S f S 
smaU tools, machine controls, and thc Ukc an^  manipdatcd; music^ = r T t S t S P ^ S o S u S adjustments and alignments are made lo instruments and machines. It may or may not bc accompameo, 
by visual stimuli. 
LEVEL 1 . , 
F. l : l Plays organ in rtctial. as accompanist, or as member of orchestra, band, or cHher musical g _ 
AU ten fingers must be positioned in npid inlegraled movements to deprtss specified keys a 
varying tempos on one or more keyboards of organ. 
F-l:2 Performs surgical operations upon human body: ( 
Fmger movements of one hand 抓 itquired U) locate broken or oit b J ^ y j s ^ = s = ^ v e s L and place ligature about it, and to tic onc of several types of knots m hgatuie U) suq 
flow of blood from vessel. 
LEVEL 2 
F-2:1 Sets up and operates coil-winding machine U) wind multiple coils used in manufactui^ of elecf 
Uical and electronic components: 
二 ^ = 二 二 《 ^ » - - = ^ $ 二 ; 
f o r m s . 
F - 2 . 2 A d j u s t s w a t c h m o v e m e n t s l o c o m p l y wiOi .mechan ica l a n d t i m i n g spec i f ica t ions: 
• S S ^ & S ^ = - " ^ S ^ J ^ S S ^ n 
f S " ^ l a n d h a i r s p r i n g assembly; and i n r e a s s e m b l m g w a t c h m o v e m e n t s . 
F - 2 . 3 I n s t a U s o p U c a l e l e m e n U . s u c h as lenses, p r isms , a n d m i r r b ^ s i n m e c h a n i c a l _ o n o f s u c h ir 
s t n m i e n t s as t e l e s c o p c s . c a m e r a s , and gunsighls: » 
s s s s s s s s s 
ing thcm lo posts or threads. 
F.2:4 Assembles modules (units) of m i ^ e c u o n i c . ^ & ^ t ^ ^ c J j ^ j T " " " ^ " ' ' " � vices and hearing aids, using handiook. magnifymg lens, and spotwcldcr. � 
Finger dextenty is n^ulred to insen lead ^ ^ : [ ^ ¾ ^ ' - X S - l ^ S ： capacilon;. and microlransistors. inlo mounling holw o� i^l=== = = , ana u> au4 
^ L b e t x ^ e e n s p e c i f i e d c o m p o n e n t leads to m a k c c i r c u i t c o n n e c u o n s , 
p . 2 : 5 E n g r a v e s l e t t e r i n g a n d o r n a m e n t a l designs o n s i l v e r w a r e , t r o p h i e s , eyeg lass f r a m e s , a n d j e w e b ^ 
u s m g e n g r a v i n g t o o l s : . . ( 
F i n g e r d e x t e r i t y is r e q u i r e d to pos i t ion and conUx>l m o v e m e n t s o f e n g r a v i n g t o o l s m c u t t . 
c o m p l i c a t e d d e s i g n s o n o b j e c l 5 . such as pins, rings, a n d b r a c e l e t . 
p . 2 - 6 P a c k a g e s p h a m i a c c u U c a l p roducts b y h a n d , w o r k i n g a t p r o d u c U o n pacc: ^ 
• H n g e r dexU^r i ly i s n^quin^d i n p c r f o m i m g such U s k s a s i ^ ; j g ^ = ; ^ n : u = ^ f g i j 
p l a c i n g c a p s o n b o t U > p a s i m g labels o n bo lUes . f ^ ^ ^ n g ^ f n ^ ^ r c i r T 
p r i m e ! m a t e r i a l i n fiUcd car tons, and p a c k i n g i n d i v i d u a l c a r t o n s i n t o l a r g e r c a r t o n s . 
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M : 7 Makes women's garments, such as drtsscs. coats, and^its . according to customer spedfica-
tions and mcasurcmcnte： • 
Rnger dexterity is rcqu!red in performing such Usks as P O s i t i ? 1 a ^ d l ， # S £ i S 3 a b r i c ; pii^ng^basting together fabric parts Ui prcparaUon for sewing. and tnreaamg 
dle and sewing parts together by hand. 
F-2:8 Diagnoses and Utats diseases, injuries, and malfonnaUons of ictiK gums, and related oral smic-
tures: 
Fmgcr dexterity is required to posiUon and gui^， ta l”cks "^&.：丨^；^:；^^；^。=^/^!^ in Jttieni,s mouth; suture extraction wounds; and Uim and carvc bitc blocks with spatuias anc, 
carving insUumcnts. 
LEVEL3 • 
p.3:i Fecds tungsten filament wirc coUs into machine that mounts tticm to stems in clcctnc bght 
bulb: 
Fin„er dexterity is required to grasp coils wiOi tweczcre and insert them into sl^<^ P ] ^ oJ 2 L g r c ^ ; 二 10 pickup L examine finished mounts as they emerge ftom machine. 
F.3.2 Takes dictation in shorthand and transcribes dictated matcriak. using typewriter. 
Fmger dexterity is required in fonning shorthand symbols with pencil or pen and in depressing 
keys of typewriter. 
F-3-3 histaUs, maintains, and services sound and communication systems: 
= : 二 二 ^ « - : « « » 
required performance level. 
F-3:4 Cuts and styles hair, using clippers, comb, and scissors, and performs other personal service 
for paUx>ns of bart)er shop: 
C o n t K ) U e d m o v e m e n t o f fingers is i ^ q u i r ^ d t o u s e c l i p p e r s / s d s s o r s . a n d o t h e r b a r t ) c r t o o l 
when cutting and shaping hair. 
F-3:5 Operates battcry of looms to weave yam into cloth: 
, x r M S M u a ^ « M = « -
I hooks.. 
‘ f • . • • !F-3.6 Constructs and repairs dental appUanccs: 
‘ 二 ^ » 二 二 | ^ ^ ^ » " 二 2 
ixnprcssiom of raetal frames, crowns, partials. and fuU dentures. 
F.3:7 Packs agricultural produce, such as bulbs, fhiits. nuts. eggs, and vegetables, for storage or ship 
raenl: • ... • ^. F.ger dextenty is _ r e d in p e r f ^ g such ^ f ^ s S ^ S r ^ r ^ p ^ a i a ^ ^ u l l i separatore in containers, sorting produce accordmg to size ana coior, w14pp ^ 
p r o d u c e , a n d p l a c i n g p r o d u c e i n c o n t a i n e r s . 
F - 3 - 8 W e l d s m e t a l p a n s t o g e t h e r , u s m g e l e c t r i c a n d o x y a c c l y l e n e w e l d i n g e q u i p m e n t : 
H n g e r m o v e m e n t s 抓 r , q u i r e d to c o n n e c t p r . s s u r e > ^ = | ; f t = o = s : S " w S S lene supply uuiks; connec^^ses to regulatore and weldmg lorch to hose, screw wcia g 1 
into iorch; and to open reguiaior valves and light torch. — 




M : 1 Mixes and bakes ingredients according to recipes to producc breads, pastries, and other DaKe 
goods. 
Rnge； dexterity is rtquittd to wortc with i n ^ i e m s = = e ^ a i j ^ perjjj^ f u < ^ s | as ^ g i n g stdps of dough across tops of pics. and placing cut or fomea oougi F« 
on baking boards or uays. 
F4:2 Prepares, seasons, and cooks soups, meats, vcgcublcs. dcsscrts, and otfver foodstuffs for co^  
sumption in medical insUtutlons: 
Fmger dexterity is required in using knives, ^ s h e s . � P ^ , t % „ o t J j ^ = c ^ k Jj c j ^ * JJ 
slkland<Hcevegeubles,fruUs,andmeats;inportioningfoods;i^Juj^=i，^^^.v ^ 
on kitchen equipment; in removing dishcs. napkins, and waste malcnak from food carts, 
sorting and sucking dishes; and in lining pans and shelves with paper. 
F4:3 Scws fasteners and decorative trinunings to articles, sews buttonholes, and joins articles, usii 
needle and thread: 
Fmger dexu r^ity is n^ quired to thread needle, align articles, and hold articles in place while se� 
ing. F4 .4 Conut)U conUnuous operations of petroleum rcfming and processing units: 
. = 二 - 二 〜 ， 二 = = 二 = 二 = 
points in proper recording positions. 
F4:5 Repairs and maintains physical slnictui^ of commercial and industrial establishments, usli 
handtook and power tools: , • 
Fimrer dexterity is required to perfonn such usks as making electrical repairs that invdvc spli 
^ = n S ; i S S � h e s ’ receptacles, and junction boxes; and ieplacmg fuses. 
L E V E L 5 N O I L L U S T R A T I O N S ( s e e p a g e 9 - 2 ) 
..-__»---—-,. -• ——--——— • •••'- 一-





I I 2 3 丨 4 5 -
~ ~ 6 ~ 7 ~ 8 ~ 9 _ _ J 0 _ _ 
I I 一 1 2 ~ T 3 ~ ~ 1 4 1 5 
^ ^ _ n _ ^ j l Z ; _ ] ^ _ _ 2 0 _ _ 
~~2l~~ 2 2 ^ ^ ^ _ _ 2 4 2 5 
~ l 6 ~ ~ ^ 7 ~ ~ 2 8 2 9 — 3 0 
— J 1 3 T ~ _ _ 3 3 3 4 3 5 
~ ^ 6 ~ " 3 7 ~ ~ ^ 8 ~ ~ 3 9 4 0 
" " ^ 4 l ~ ~ ; 3 3 ^ 3 5 ^ Z Z H Z _ ^ L _ 
" " 3 5 " " _ ^ 2 _ _ _ j ^ _ _ i ^ _ i L _ 
" 3 ! 5 2 " _ 5 ^ _ ^ 4 _ _ _ 5 ^ 
7 " M ~ | 5 7 I 5 8 I 5 9 I 6 0 








































































































































































































































































( a ) 單一細線測試 













心鹏首 .本人 完全明白整個硏究的目的及程序，並願意/ 
不願意參加此硏究。 
_ i _ 










Tel. No.: _. 
Address: 
/ 
Hospital No.: 一. 
Donninant hand: • Afifectedhand: • 
Occupation: — • 
Medical treatment information: 
Diagnosis: — • 
Date of injury:, • 
Cause/ Mechanism of injury:_ • 
Date of admission: . 
Operation: ____ . 
Date of operation: . 
Date ofdischarge:^ . 
‘ ^ 




I Rehabilitation information: i 
Post operation rehabiHtatioQ： .Pfaysiotherapy Startedon . &Ktedon • OcctQMtionaitfaerq)y Startedon . Endedon . 
ScDsoty rehabiUtation 
Startedon _. | 
Endedon__ _ . I 
— — - ~ ~ — ~ - ~ ~ - ~ I 








Prospective Study of the Sensibility Recovery of Digital Nerve Injury (left hand) • • ••. .: . , • • . • 
Personal Particular 
* , • , • 、• ^ .‘ . . 
• . , . •‘ • . 
‘ • • ： :» . ； . . • • •  : . 、< •' . •,‘ 
Date of Injury: ： _. 
Date of Repair: �.•-.: • 
Other Associated Injury: 
, : . : : ： . � • • ‘ 
^ D 
Monofilament Tcst: / | ‘ ' ^ ^ , 
Grey - Untestable , .. � 
Orange - Deep pressure sensation 1 丨 j r^"N^ 
Red - Loss of protective sensation -� • • •" . 7 ~ " ^ i u J 
Purple - Diminished protective sensation 1 | 1 | 
Blue - Diminished light touch sensation j^ "^^^v . "*"^^ ^ . ^ J y j ^ 
Green - Normal sensation \ \ 
Two-point Discrimination Test: V ^ \ i 
Moving 2PD: � . \ / . 
Constant 2PD: ^ / 
Date of assessment Post Op: < �� '：’:“、： � t 
Therapist: ”,(、:,!“： 
^ _ ^ ^ r^ 
- ' � i^>-^*"V t Monofilament -Test: / % ( � . “ >^>>^ -^ ^^ -^'^  . � ’ ‘ • I 一 _ / Grey-Untestable , … ‘ : . ' . — J “ ：‘‘八八(丨 
... / _ , . . . . Orange - Deep pressure sensation | …：. P ' ( r ^ 
Red - Loss of protective sensation h / ^ ^ ' j ； “ p ^ ‘ 
Purple - Diminished protective sensation ‘ j . ( ' I ^ ^ / ' 'j ‘•:‘ 
Blue - Diminished light t6uct sensation f ^ " ^ k ^ / ' ‘ 
Green - Normal sensation \ \ 
Two-polnt Discrimination Test: V ^ Y ' 
Moving 2PD: \ y ^ Constant 2PD: ^ 
• \ 
Date of assessment PostOp: . 
Therapist. ^^^ 
Appendix VIII 
Prospective Study of the Sensibility Recovery of Digital Nerve Injury (right hand) •.. • 
Personal Particular 
• . • •-
‘ • • : • : • : • • . . 
‘ . � ‘ 
Date of Injury: . ；广.: 
Date of Repair: . ...,,... , 
Other Associated Injury: .v 
^ " ~ * ^ / - ^ ‘ ‘ “ 
Monofilament Test: / ^ ^ ( \ 
J •««"•^ • 
Grey - Untestable ( ^^ ^^ ^ “ ^ 
Orange - Deep pressure sensation - ^^^^1 \ _ 电 
Red - Loss of protective sensation .. \ —.. , | 
Purple - EHminished protective seiasation ^ \ <^^ >^ --^  , 一 / ^ ^ " ^ ^ 
Blue - Diminished light touch sensation / / . 
Green - Normal sensation ' ' / • ' • ^ r " 
Two-point Discrimination Test: ‘ \. / 
Moving 2PD: : . , 
Constant 2PD: : : : � .‘二:，：”，^  
Date of assessment Post Op: , ; :. r '^ : 
Therapist: , 、 /'' \ j I “ _^< 
\ �•, ； ,'、、 /''^ \ .5>~^  i.t'u^ :,^ ni>s;KtiA 
； I ：••'.、一.4 ； ‘ 广 A 
Monofilamcnt Tcst: j | ! ) / ^ ^ _ _ “ 广。 
‘；.： ‘ " — • •-； I — 1— _ 
Grey - Untestable 丨 一. _^>>^. � ^ r ^ 
Orange - Deep pressure sensation 1 | ：. .. •_•_ - : . — : . . ’ 
Red - Loss of protective sensation \ ^^ \^ :::; • : . J .,.: 
Purple - Diminished protective sensation ] ^ \ U * ^ /<^^"^~^ 
Blue - Diminished light touch sensation / / 
Green - Normal sensation ‘ / ^ ^ :. 
Two-point Discrimination Test: ^\/ 
Moving 2PD: : 
Constant 2PD: � ‘ ’ ‘ 
Date of assessment Post Op: . Therapist: ^^g 
Appendix III 
crm^g^mative Study on Digital Seng^^^^JZI：：^ 
A. Evaluee,s particular. 
Occupation: . 
Hand dominance: right / left 
Smoking habit: No / Yes ( /day) 
B. Discriminative sensibility: ~ ~ 7 " Right hand 
Thumb Index Middle Ring 丄臉 radS ulnar radial ulnar iadiaI >^in.r r.dial ulnar radial ulnar 
M2pd 
C2pd � ^ 
Left hand | 
Thumb Index Middle Ring Little r J J l a r radial ulnar radial ulr^r r.Hia1 -ulnar radial ulnar 
M2pd C2pd ^ 
C. Light touch sensibility: Th"mb Index Middle Ring Lfttle r a c 2 n S r - ^ n J f .1nar radial ulnar radial ulnar mdial ulnar 
R.H. ^ 
XTT -J 
D. Skin hardness: . 
_ ^ ^ J S 3 ^ ^ ^ _ ^ ^ i l 2 ^ ^ ^ ^ i B ^ C ^ 5 k ^ " ^ # ^ ^ v ^ ^ 
R.H. T 3 T I 
• . 乂 
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Appendix III 
Poor:>15mm, Fair:ll-15mm, Good:7-10mm, Excellent:2-6mm 
Examiner 1 
Examiner 2 Poor Fair G o o d ~ Excellent Total 
Poor 13 — 0 0 0 13 
— F a i r — 0 2 0 — 0 一 2 ^ , 
Good 0 — 0 0 0 0 
Excellent 0 — 0 0 0 0 
Total 13 2 0 0 15 
Recovery of cutaneous pressure threshold at three weeks post 
operation 
Examiner 1 
Examiner 2 Poor Fair Good Excellent “ Total 
Poor • 5 — 1 0 0 6 
Fair ‘ 0 6 0 0 6 
Good “ 0 0 3 0 3 _ 
Excellent “ 0 0 2 0 0 _ 
Total 5 7 3 0 _ 1_^ 
Recovery of cutaneous pressure threshold at six months post 
operation 
Examiner 1 
Examiner 2 Poor Fair Good Excellent Total 
Poor — 15 0 0 0 1 5 _ 
Fair 0 0 0 0 0 
Good — 0 0 0 _ _ 0 9.—— 
Fxpe11ent 0 0 0 0 0—— 
Total 15 0 0 r _ _ 1 ^ _ _ 
Recovery of moving 2PD at three weeks post operation 
Examiner 1 
"Examiner 2 Poor Fair Good Excellent Total 
Poor 11 0 0 0 n — — 
F ^ | T _ Z L ^ 0 1 0 1—— Good 0 ~ ~ 0 3 _ _ 0 3—— 
Excellent 0 0 0 0 0—— 
Total 11 0 4 0 _ _ _ _ l _ 5 _ 
Recovery of moving 2PD at six months post operation 
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Examiner 1 
Examiner 2 Poor Fair Good Excellent Total 
— P o o r — 15 0 0 — 0 一 15 
— F a i r 0 — 0 0 — 0 “ 0 
— G o o d 0 0 0 0 0 
"Excellent — 0 — 0 0 0 一 0 
—Tota l 15 0 0 0 15 
Recovery of constant 2PD at three weeks post operation 
Examiner 1 
Examiner 2 Poor Fair Good Excellent Total 
— P o o r — 13 0 0 — 0 — 13 
Fair — 0 — 1 0 — Q 1 
Good 0 0 1 0 1 
Excellent 0 0 0 0 0 
Total 13 1 1 0 15 
Recovery of constant 2PD at six months post operation 
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Appendix XI 
Normative value of functional sensibility 
(Male: age 10-19，mean 二 13.5) 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 2.000000 3.00000 2.100000 .1000000 -3162278 «： 
RM2PDlU 10 2.000000 3.00000 2.100000 .1000000 .3162278 
RM2PD2R 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RM2PDZU 10 2 000000 2.00000 2.000000 .0000000 .0000000 
RMZPD3R 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RM2PD3U 10 2.000000 3.00000 2.100000 .1000000 -3162278 
RMZPD4R 10 2.000000 2.00000 2.000000 .0000000 .0000000 | 
RM2PD4U 10 2.000000 3.00000 Z.100000 .1000000 .3162278 
RM2PD5R 10 2 000000 3.00000 2.100000 .1000000 -3162278 
RMZPD5U 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RCZPDlR 10 2.000000 3.00000 2.700000 .1527525 .4830459 ‘ 
RC2PDlU 10 2 000000 3.00000 2.800000 .1333333 .4216370 
RC2PDZR 10 2.000000 3.00000 2.700000 .1527525 .4830459 
Rr7pn711 10 2 000000 3.00000 2.800000 .1333333 .4216370 
Rr7pntR 10 2.000000 3.00000 2.700000 .1527525 .4830459 
RC7PD3U 10 2.000000 3.00000 2.800000 .1333333 .4216370 
RC2PD4R 10 2.000000 3.00000 2.700000 .1527525 .4830459 
RC7PD4U 10 2.000000 3.00000 2.800000 .1333333 .4216370 
nr7pn5R 10 2.000000 3.00000 2.800000 .1333333 .4216370 
RC7pD5u 10 2.000000 3.00000 2.700000 .1527525 .4830459 ,u2PDlR 10 2.000000 3.00000 2.100000 .1000000 -3162278 ;Z%^lu 10 2.000000 3.00000 2.100000 .1000000 .3162278 „! 
二藍巧2 ^0 2 000000 3.00000 2.100000 .10_00 -3162278 ^ 
[^lplll i0 2.000000 3.00000 2.100000 .1000000 .3162278 \ l l l l ^ l l Z.mmm 2.00000 2.000000 .0000000 .mmQm 
[二尝=-5 10 2 000000 3.00000 2.100000 .1000000 -3162278 [^fo^l^ ?0 2 000000 2.00000 2.000000 .0000000 .0000000 
LW2PD4R 1® 2000000 l00000 2.000000 .0000000 .0_0000 
二尝冗2 io • : : : 3 00000 2.100000 .1000000 .3162278 
[^Zr^ lu 10 2 000000 2.00000 2.000000 .0000000 .0000000 
[^,f^lll 11 l Z m l 3 00000 2.700000 .1527525 .4830459 
• 1 ^ = = 10 2 000000 3.00000 2.700000 .1527525 .4830459 
[ g $ K 11 2 000000 3.00000 2.700000 .1527525 .4830459 
[ 3 = 11 2 000000 3.00000 2.700000 .1527525 .4830459 
[^,Zlll 10 2 000000 3.00000 2.700000 .1527525 .4830459 
5 $ g ^ 10 2 000000 3.00000 2.700000 .1527525 .4830459 
'c2PofR 10 2 ： 000000 3.00000 2 • 600000 .1632993 .5163978 
[rir^^Au 10 2 000000 3.00000 2.600000 .163Z993 .5163978 
L^2PD4U 10 2 0 S 0 3 00000 2,700000 .15275Z5 .4830459 
5专二^5 10 � . = 二 3 00000 2.600000 .1632993 .5163978 
L^^PD5U lQ Z . : : 丄 .049600 .0136000 .0430070 RSWMlR 1® .g==$ ；7200 049600 .0136000 .0430070 l Z l l 10 0 6二 -.08000 044800 .0058667 .01855Z0 fswMz5 i0 .03^ 000 .08000 _ _ 0 4 ^ .0058667 .01855Z0 
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STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .036000 .08000 .040400 .0044000 .0139140 
RSWM3U 10 .036000 .08000 .040400 .0044000 .0139140 
RSWM4R 10 .036000 .08000 .044800 .0058667 .0185520 -
RSWM4U 10 .036000 .08000 .044800 .0058667 .0185520 
RSWM5R 10 .036000 .08000 .058000 .0073333 .0Z31900 
RSWM5U 10 .036000 .08000 .058000 .0073333 .0231900 
LSWMlR 10 .036000 .08000 .053600 .0071852 .0227215 
ISWMlU 10 .036000 .08000 .053600 .0071852 .0227215 
l^M7R 10 036000 .08000 .053600 .0071852 .0227215 
LSWM2U 10 ;036000 .08000 .053600 .0071852 .0227215 
lSvyM3R 10 .036000 .08000 .044800 .0058667 .0185520 
,SWM3U 10 036000 .08000 .040400 .0044000 .0139140 ！ 
,|wM4R 10 036000 .08000 .040400 .0044000 .0139140 
LswM4U 10 .036000 .08000 .040400 .0044000 .0139140 
LswM5R 10 .036000 .08000 .044800 .0058667 .0185520 
LSWM5U 10 .036000 .08000 .058000 .0073333 .0231900 
RSHlR 10 8.000000 9.00000 8.400000 .1632993 .5163978 
RCHiu 10 7.000000 9.00000 8.300000 .2134375 .6749486 
RCH2R 10 8.000000 1 0 . 0 0 0 0 0 8.600000 .2211083 .6992059 
RSHZU 10 8.000000 10.00000 8.600000 .2211083 .6992059 
RCH3R 10 8.000000 10 .00000 8.600000 .2211083 .6992059 
RSH3u 10 8.000000 1 0 . 0 0 0 0 0 8.600000 .2211083 .6992059 
ncu4R 10 8.000000 9.00000 8.500000 .1666667 .5270463 
n c u l 5 1 0 8 . 0 0 0 0 0 0 1 0 . 0 0 0 0 0 8 . 6 0 0 0 0 0 . 2 2 1 1 0 8 3 . 6 9 9 2 0 5 9 
ncHSR 10 8.000000 9.00000 8.500000 .1666667 .5270463 ^ 
ncu5u 10 8.000000 10.00000 8.800000 .2000000 -6324555 
,^H1R 10 8.000000 9.00000 8.600000 .1632993 .5163978 
icuTn 10 8.000000 9.00000 8.600000 .1632993 .5163978 
,^u7R 10 8.000000 10.00000 8.800000 .2000000 -6324555 
, ^ H 7 H 1 0 8 . 0 0 0 0 0 0 1 0 . 0 0 0 0 0 8 . 8 0 0 0 0 0 . 2 0 0 0 0 0 0 - f 3 2 4 5 5 5 
, c u ^ R 1 0 8 . 0 0 0 0 0 0 1 0 . 0 0 0 0 0 8 . 8 0 0 0 0 0 . Z m m m . 6 3 2 4 5 5 5 LSH3U 10 8.000000 10.00000 8.800000 ,Zmmm .6324555 S^H4R 10 8.000000 10.00000 8.700000 .2134375 .6749486 
[ =二 10 8 000000 9.00000 8.500000 .1666667 .5270463 
f H 5 R 1 0 8 : S 0 0 1 0 . 0 0 0 0 0 8 . 7 0 0 0 0 0 . 2 1 3 4 3 7 5 . 6 7 4 9 4 8 6 
[l^ll 10 8.000000 10.00000 8.700000 .2134375 .6749486 




Normative value of functional sensibility 
(Male: age 40-49, mean = 42.7) 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 Z.000000 3.00000 2.400000 .1632993 .516398 
RM2PDlU 10 2.000000 3.00000 2.500000 .1666667 .527046 -
RM2PD2R 10 2.000000 3.00000 2.400000 .1632993 .516398 
RM2PD2U 10 Z.000000 3.00000 2.400000 .1632993 .516398 
RM2PD3R 10 2.000000 4.00000 2.500000 .2236068 .707107 
RM2PD3U 10 2.000000 4.00000 2.600000 .2211083 .699206 i 
RM2PD4R 10 2.000000 4.00000 2.600000 .2211083 .699206 
RM2PD4U 10 2.000000 4.00000 2.600000 .2211083 .699206 
RM2PD5R 10 2.000000 4.00000 2.600000 .2211083 .699206 
RM2PD5U 10 2.000000 4.00000 2.600000 .2211083 .699206 
RC2PDlR 10 2.000000 3.00000 Z.700000 .1527525 .483046 
RC2PDlU 10 3.000000 3.00000 3.000000 .0000000 .000000 
RC2PD2R 10 3.000000 4.00000 3.200000 .1333333 .421637 
RC2PD2U 10 2.000000 4.00000 3.100000 .1795055 .567646 
RCZPD3R 10 2.000000 4.00000 3.000000 .1490712 .471405 
RC2PD3U 10 2.000000 4.00000 3.000000 .1490712 .471405 
RCZPD4R 10 2.000000 4.00000 3.000000 .1490712 .471405 
RC2PD4U 10 3.000000 4.00000 3.100000 .1000000 •316228 
RC2PD5R 10 3.000000 4.00000 3.200000 .1333333 .421637 
RC2PD5U 10 3.000000 4.00000 3.200000 .1333333 .421637 
LM2PDlR 10 2.000000 3.00000 2.500000 .1666667 .527046 
LMZPDlU 10 2.000000 3.00000 2.600000 .1632993 .516398 
LM2PD2R 10 2.000000 3.00000 2.400000 .1632993 .516398 
LM2PD2U 10 2.000000 3.00000 2.400000 .1632993 .516398 
LM2PD3R 10 2.000000 3.00000 2.400000 .1632993 .516398 
LM2PD3U 10 2.000000 3.00000 2.400000 .1632993 .516398 
LM2PD4R 10 2.000000 3.00000 2.600000 .1632993 .516398 
.u2pD4U 10 2.000000 3.00000 2.700000 .1527525 .483046 
LM2PD5R 10 2.000000 3.00000 2.700000 .1527525 .483046 
,M7PD5U 10 2.000000 3.00000 2.700000 .1527525 .483046 
,^2PDiR 10 2.000000 4.00000 3.000000 .1490712 .471405 
,C7pDiu 10 2.000000 4.00000 3.000000 .1490712 .471405 
Lr7pD2R 10 2.000000 4.00000 2.900000 .1795055 .567646 
,r7PD7U 10 2.000000 4.00000 2.900000 .1795055 .567646 
^7PD3R 10 2.000000 4.00000 2.900000 .1795055 .567646 
,^7Pn^ij 10 2.000000 4.00000 Z.900000 .1795055 .567646 
l^0pn4n 10 2.000000 4.00000 3.000000 .1490712 .471405 
,r7pnAi1 10 2.000000 4.00000 3.000000 .1490712 .471405 
,r7pnsR 10 2.000000 4.00000 3.100000 .1795055 .567646 
,^opnsn 10 2.000000 4.00000 3.100000 .1795055 .567646 
ncfuiR 10 .036000 .08000 .058000 .0073333 .023190 
ncwMiu 10 .036000 .08000 .058000 .0073333 .023190 
ncwM2R 10 .036000 .08000 .058000 .0073333 .023190 




STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS ^ ^ ^ ^ _ _ 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .036000 .08000 .058000 .0073333 .023190 
RSWM3U 10 .036000 .08000 .058000 .0073333 .023190 
RSWM4R 10 .036000 .17200 .071600 .0131244 .041503 
RSWM4U 10 .036000 .17200 .071600 .0131244 .041503 . 
RSWM5R 10 .036000 .17200 .071600 .0131244 .041503 
RSWM5U 10 .036000 .17200 .071600 .0131244 .041503 
LSWMlR 10 .036000 .17200 .071600 .0131244 .041503 ( 
LSWMlU 10 .036000 .17200 .071600 .0131244 .041503 
LSWM2R 10 .036000 .17200 .071600 .0131244 .041503 
LSWM2U 10 .036000 .17200 .071600 .0131244 .041503 
LSWM3R 10 .036000 .17200 .071600 .0131244 .041503 
LSWM3U 10 .036000 .17200 .080800 .0165548 .052351 
LSWM4R 10 .036000 .17200 .076400 .0171524 .054241 
LSWM4U 10 .036000 .17200 .076400 .0171524 .054241 
LSWM5R 10 .036000 .17200 .080800 .0165548 .052351 
LSWM5U 10 .036000 .17200 .080800 .0165548 .052351 
RSHlR 10 9.000000 10.00000 9.550000 .1572330 .497214 
RSHlU 10 1.000000 10.00000 8.750000 .8732125 2.761340 
RSH2R 10 1.000000 10.00000 8.650000 .8629729 2.728960 
RSH2U 10 9.000000 10.50000 9.650000 .1979057 .625833 
RSH3R 10 9.000000 10.00000 9.550000 .1572330 .497214 
RSH3U 10 9.000000 10.00000 9.550000 .1572330 .497214 
RSH4R 10 9.000000 10.00000 9.600000 .1632993 .516398 
RSH4U 10 9.000000 10.00000 9.600000 .1632993 •516398 
ncuco 10 9 000000 10.00000 9.600000 .1632993 .516398 
ncu5u 10 9 000000 10.00000 9.600000 .1632993 .516398 
.ruiD 10 9 000000 10.00000 9.650000 .1500000 .474342 
,cuiu 10 9.000000 10.00000 9.650000 .1500000 .474342 
,ru7R 10 9 000000 10.00000 9.650000 .1500000 .474342 
,^H7U 10 9 000000 10.00000 9.650000 .1500000 .474342 
i^uto 10 9.000000 10.00000 9.650000 .1500000 .474342 
,.H^u 10 9 000000 10.00000 9.550000 .1572330 .497214 
,ruAR 10 9.000000 10.00000 9.500000 .1666667 .527046 
,^uIn 10 9.000000 10.00000 9.500000 .1666667 -527046 
,^ucp 10 9.000000 10.50000 9.550000 .1892969 .59a610 
LSH5U 10 9.000000 10.50000 9.550000 .189Z969 .598610 
'*• 
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Normative value of functional sensibility 
(Female: age 50-59, mean 二 56.3) 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 2.00000 4.00000 3.00000 .210819 .66667 
RM2PDlU 10 2.00000 4.00000 2.80000 .200000 .63246 
RM2PD2R 10 2.00000 4.00000 2.60000 .221108 .69921� 、�
RM2PD2U 10 2.00000 4.00000 2.70000 .213437 .67495 
RM2PD3R 10 2.00000 3.00000 2.60000 .163299 .51640 | 
RM2PD3U 10 2.00000 4.00000 2.80000 .200000 .63246 
RM2PD4R 10 2.00000 4.00000 2.70000 .213437 .67495 
RM2PD4U 10 2.00000 4.00000 2.80000 .200000 .63246 
RM2PD5R 10 2.00000 4.00000 3.10000 .179505 .56765 i 
RM2PD5U 10 3.00000 4.00000 3.30000 .152753 .48305 
RC2PDlR 10 3.00000 4.00000 3.40000 .163299 .51640 
RC2PDlU 10 3.00000 4.00000 3.30000 .152753 .48305 
RC2PD2R 10 2.00000 4.00000 3.20000 .200000 .63246 
RC2PD2U 10 2.00000 4.00000 3.20000 .200000 .63246 
RC2PD3R 10 3.00000 4.00000 3.20000 .133333 .4Z164 
RC2PD3U 10 3.00000 4.00000 3.40000 .163299 .51640 
RC2PD4R 10 2.00000 5.00000 3.30000 .260342 .82327 i 
RC2PD4U 10 2.00000 5.00000 3.60000 .339935 1.07497 
RC2PD5R 10 3.00000 5.00000 3.80000 .249444 .78881 
RC2PD5U 10 2.00000 5.00000 3.70000 .300000 .94868 
LM2PDlR 10 2.00000 5.00000 3.20000 .249444 .78881 
LMZPDlU 10 2.00000 3.00000 2.90000 .100000 .31623 
LM2PD2R 10 2.00000 3.00000 2.50000 .166667 .52705 
LM2PD2U 10 2.00000 4.00000 2.80000 .200000 .63246 
LM2PD3R 10 2.00000 3.00000 2.60000 .163299 .51640 
LM2PD3U 10 2.00000 3.00000 2.80000 .133333 .42164 
LM2PD4R 10 2.00000 4.00000 2.90000 .179505 .56765 
LM2PD4U 10 2.00000 4.00000 2.80000 .200000 .63246 
LM2PD5R 10 3.00000 4.00000 3.10000 .100000 .31623 
LM2PD5U 10 2.00000 4.00000 3.00000 .149071 .47140 
LCZPDlR 10 3.00000 4.00000 3.40000 .163299 .51640 
LC2PDlU 10 3.00000 4.00000 3.30000 .152753 .48305 
LC2PD2R 10 3.00000 4.00000 3.10000 .100000 .31623 
LCZPD2U 10 3.00000 4.00000 3.20000 .133333 .42164 
LCZPD3R 10 2.00000 4.00000 3.00000 .149071 .47140 
LC2PD3U 10 2.00000 4.00000 3.10000 .179505 .56765 
LCZPD4R 10 3.00000 5.00000 3.50000 .223607 .70711 
,c2PD4U 10 3.00000 5.00000 3.50000 .223607 .70711 
‘ LC2PD5R 10 3.00000 5.00000 3.70000 .213437 .67495 
,r7Pn5U 10 3.00000 5.00000 3.50000 .223607 .70711 
ncwMlR 10 .03600 .17200 .14920 .015550 .04917 
ncwMlU 10 .03600 .17200 .14920 .015550 .04917 
RcwM2R 10 .03600 .17200 .10360 .019463 .06155 




STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS ^^^^__ 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .03600 .17200 .10840 .021602 .06831 
RSWM3U 10 .03600 .17200 .10840 .021602 .06831 
RSWM4R 10 .03600 .17200 .10360 .019463 .06155 
RSWM4U 10 .03600 .17200 .11240 .016765 .05301 1 
RSWM5R 10 .08000 .17200 .11680 .015024 .04751 
RSWM5U 10 .08000 .17200 .11680 .015024 .04751 
LSWMlR 10 .03600 .17200 .13080 .017293 .05468 
LSWMlU 10 .03600 .17200 .13080 .017293 .05468 
LSWM2R 10 .03600 .17200 .11720 .018960 .05996 
LSWM2U 10 .03600 .17200 .12640 .019185 .06067 
LSWM3R 10 .03600 .17200 .H720 .018960 .05996 
LSWM3U 10 .03600 .17200 .10800 .018223 .05763 
LSWM4R 10 .03600 .17200 .12160 .017305 .05472 
ISWM4U 10 .08000 .17200 .12600 .015333 .04849 
LSWM5R 10 .03600 .17200 .11240 .016765 .05301 
LSWM5U 10 .03600 .17200 .H240 .016765 .05301 
ncuiR 10 8.00000 14.00000 10.85000 .605759 1.91558 
DCHiu 10 10.00000 45.00000 13.90000 3.458323 10.93618 
DCH7R 10 9.00000 16.00000 11.25000 .637922 2.01729 
RCH7u 10 8.50000 16.00000 11.35000 .658492 2.08233 
ncu^R 10 9.00000 15.00000 10.60000 .520683 1.64655 
RSH3U 10 8.50000 15.00000 10.45000 •560010 1.77091 
ncH4R 10 9.00000 15.00000 10.60000 .525991 1.66333 
ncH4u 10 9.50000 16.00000 10.75000 .602080 1.90394 
ncM^R 10 1.00000 16.50000 10.15000 1.213466 3.83732 
ncHsu 10 10.00000 17.00000 11.35000 .675154 2-13503 
,cu;R 10 9.00000 14.00000 10.75000 .490181 1-55009 
,cHiu 10 9.00000 15.00000 10.70000 .533333 1-68655 
,cH7R 10 9.00000 15.00000 11.45000 .550000 1-73925 
,cu7U 10 9.00000 16.50000 10.95000 .647431 2.04736 
,cu^R 10 10.00000 15.00000 11.25000 .523079 1.65412 
,^",n 10 9.50000 15.00000 10.65000 •505800 1.59948 
[l^i^ 10 1 00000 15.00000 9.70000 1.095952 3.46570 
[l^tl 11 l 7 m Z 15.00000 10.70000 .522813 1.65328 
[l^tl 10 10.00000 16.50000 11.25000 .620260 1.96143 
LSH5U 10 11.00000 16.00000 11.80000 •512076 1.61933 




Normative value of functional sensibility 
(Male: age 40-49, mean = 42.7) 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 3.00000 4.00000 3.30000 .1527525 .483046 
RM2PDlU 10 3.00000 4.00000 3.30000 .1527525 .483046 
RMZPD2R 10 2.00000 4.00000 3.50000 .2236068 .707107 ‘ 
RM2PD2U 10 2.00000 4.00000 3.30000 .2603416 .823273 
RM2PD3R 10 2.00000 4.00000 3.20000 .2000000 .632456 
RM2PD3U 10 2.00000 4.00000 3.20000 .2000000 .632456 
RM2PD4R 10 3.00000 4.00000 3.40000 .1632993 .516398 
RM2PD4U 10 3.00000 4.00000 3.40000 .1632993 .516398 
RM2PD5R 10 3.00000 4.00000 3.50000 .1666667 .527046 
RM2PD5U 10 3.00000 4.00000 3.50000 .1666667 .527046 
RC2PDlR 10 3.00000 5.00000 3.60000 .2211083 .699206 
RC2PDlU 10 3.00000 5.00000 3.60000 .2211083 .699206 
RC2PDZR 10 3.00000 5.00000 3.80000 .2000000 .632456 
RC2PD2U 10 3.00000 5.00000 3.80000 .2000000 .632456 
RC2PD3R 10 3.00000 5.00000 3.50000 .2236068 .707107 
RC2PD3U 10 3.00000 5.00000 3.50000 .2236068 .707107 
RC2PD4R 10 3.00000 5.00000 3.60000 .2211083 .699206 
RC2PD4U 10 3.00000 5.00000 3.60000 .2211083 .699206 
RC2PD5R 10 3.00000 5.00000 3.80000 .2000000 .632456 
RC2PD5U 10 3.00000 5.00000 3.80000 .2000000 .632456 
LM2PDlR 10 2.00000 4.00000 3.20000 .Z000000 .632456 
LM2PDlU 10 2.00000 4.00000 3.30000 .2134375 .674949 
LM2PD2R 10 2.00000 4.00000 3.00000 .2581989 .816497 
LM2PDZU 10 2.00000 4.00000 3.00000 .2581989 .816497 
LM2PD3R 10 2.00000 4.00000 3.20000 .2000000 .632456 
LM2PD3U 10 2.00000 4.00000 3.30000 .2134375 .674949 
LM2PD4R 10 3.00000 4.00000 3.50000 .1666667 .527046 
LM2PD4U 10 2.00000 4.00000 3.30000 .2603416 .823273 
LM2PD5R 10 3.00000 4.00000 3.40000 .1632993 .516398 
LM2PD5U 10 3.00000 4.00000 3.40000 .1632993 .516398 
LC2PDlR 10 3.00000 4.00000 3.60000 .1632993 .516398 
LC2PDlU 10 3.00000 4.00000 3.60000 .1632993 .516398 
LC2PD2R 10 3.00000 4.00000 3.50000 .1666667 .527046 
LC2PD2U 10 3.00000 5.00000 3.60000 .2211083 .699206 
LC2PD3R 10 3.00000 5.00000 3.60000 .2211083 -699206 
LC2PD3U 10 3.00000 5.00000 3.60000 .2211083 -699206 
LC2PD4R 10 3.00000 5.00000 3.70000 .2134375 .674949 
LCZPD4U 10 3.00000 5.00000 3.70000 .2134375 .674949 
LC2PD5R 10 3.00000 5.00000 3.70000 .2134375 •674949 
I r 7 p n s u 10 3.00000 5.00000 3.70000 .2134375 .674949 
RSWMlR 10 .08000 .17200 .15360 .0122667 .038791 
RSWMlU 10 .08000 .17200 .15360 .0122667 .038791 
RSWMZR 10 .08000 .17200 .13520 .0150235 .047509 
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STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .08000 .17200 .13520 .0150235 .047509 
RSWM3U 10 .08000 .17200 .15360 .0122667 .038791 
RSWM4R 10 .08000 .17200 .15360 .0122667 .038791 
RSWM4U 10 .03600 .17200 .14920 .0155498 .049173 
RSWM5R 10 .03600 .17200 .13080 .0172928 -054685 
RSWM5U 10 .03600 .17200 .12640 .0191852 .060669 
LSWMlR 10 .03600 .17200 .13080 .0172928 .054685 
L S W M l U 1 0 . 0 3 6 0 0 . 1 7 2 0 0 . 1 4 0 0 0 . 0 1 6 7 2 7 9 . 0 5 2 8 9 8 
LSWM2R 10 .08000 .17200 .14440 .0140532 .044440 ! 
LSWM2U 10 .08000 .17200 .14440 .0140532 .044440 
LSWM3R 10 .08000 .17200 .14440 .0140532 .044440 
ISWM3U 10 .08000 .17200 .14440 .0140532 .044440 
,SWM4R 10 .08000 .17200 .14440 .0140532 .044440 | 
LSWM4U 10 .08000 .17200 .14440 .0140532 .044440 
LSWM5R 10 .03600 .17200 .14000 .0167279 .052898 
LSWM5U 10 .08000 .17200 .14440 .0140532 .044440 | 
DCU1R 10 10.00000 15.00000 12.00000 .4944132 1.563472 
RCHiu 10 10.00000 16.00000 12.10000 .6904105 2.183270 
RSHZR 10 10.00000 13.00000 11.80000 .3590110 1.13529Z 
RCH7U 10 10.00000 13.00000 11.90000 .2768875 .875595 
RCH^R 10 10.00000 13.00000 11.30000 .3666667 1.159502 
RCH^n 10 10.00000 13.00000 11.20000 .3887301 1.229273 
RCH4R 10 10.00000 13.00000 11.10000 .3480102 1.100505 
ncuAij 10 10.00000 13.00000 11.10000 .2768875 .875595 
Rc^5D 10 10.00000 13.00000 11.10000 .3480102 1.100505 
ncHsu 10 10.00000 15.00000 11.60000 .4988877 1-577621 
, c u i R 10 10.00000 13.00000 11.10000 .3785939 1.197219 
,cHiu 10 9.00000 15.00000 10.70000 .5174725 1-636392 
,cu7R 10 9.00000 14.00000 10.90000 .5666667 1.791957 
,cH7M 10 9.00000 11.00000 10.30000 .2603416 -823273 
,^uoR 10 9.00000 13.00000 10.80000 .4422166 1.398412 
.cHsS 10 9.00000 13.00000 10.50000 .3415650 1.080123 
LSH4R 10 10.00000 13.00000 10.40000 •3055050 .966092 
^^H4U 10 10.00000 13.00000 11.00000 .4472136 1.414214 
[ l ^ f o l 0 1 0 . 0 0 0 0 0 1 3 . 0 0 0 0 0 1 1 . 3 0 0 0 0 . 3 9 5 8 1 1 4 1 . 2 5 1 6 6 6 





Normative value of functional sensibility 
(Female: age 50-59, mean 二 56.3) 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 3.00000 5.0000 3.80000 .20000 .63246 
RM2PDlU 10 3.00000 5.0000 3.80000 .20000 .63246 
RM2PD2R 10 3.00000 5.0000 3.60000 .22111 .69921 | 
RM2PD2U 10 3.00000 4.0000 3.50000 .16667 .52705 
RM2PD3R 10 3.00000 4.0000 3.50000 .16667 .52705 j 
RM2PD3U 10 3.00000 5.0000 3.80000 .20000 .63246 
RM2PD4R 10 3.00000 5.0000 4.00000 .14907 .47140 
RM2PD4U 10 3.00000 5.0000 4.00000 .14907 .47140 
RM2PD5R 10 3.00000 5.0000 4.20000 .24944 .78881 i 
RM2PD5U 10 3.00000 6.0000 4.20000 .32660 1.03280 | 
RC2PDlR 10 3.00000 5.0000 4.30000 .21344 .67495 
RC2PDlU 10 3.00000 5.0000 4.20000 .20000 .63246 | 
RC2PD2R 10 3.00000 5.0000 4.20000 .20000 .63246 
RC2PD2U 10 3.00000 5.0000 4.20000 .20000 .63246 
RC2PD3R 10 4.00000 5.0000 4.20000 .13333 .42164 j 
RC2PD3U 10 4.00000 5.0000 4.30000 .15275 .48305 | 
RC2PD4R 10 4.00000 5.0000 4.50000 .16667 .52705 
RC2PD4U 10 4.00000 5.0000 4.50000 .16667 .52705 
RC2PD5R 10 4.00000 5.0000 4.40000 .16330 .51640 
RC2PD5U 10 4.00000 6.0000 4.60000 .26667 .84327 
LM2PDlR 10 3.00000 5.0000 3.60000 .22111 -69921 
LM2PDlU 10 3.00000 5.0000 3.60000 .22111 .69921 
LM2PD2R 10 3.00000 5.0000 3.60000 .22111 .69921 
LM2PDZU 10 3.00000 4.0000 3.60000 .16330 .51640 
LM2PD3R 10 3.00000 4.0000 3.40000 .16330 .51640 
LM2PD3U 10 3.00000 4.0000 3.40000 .16330 .51640 
LM2PD4R 10 3.00000 4.0000 3.50000 .16667 .52705 
LM2PD4U 10 3.00000 4.0000 3.40000 .16330 . 51640 
LM2PD5R 10 3.00000 5.0000 3.50000 .22361 .70711 
LM2PD5U 10 3.00000 5.0000 3.50000 .22361 .70711 
LC2PDlR 10 3.00000 5.0000 3.90000 .23333 .73786 
LC2PDlU 10 3.00000 5.0000 4.10000 .17951 .56765 
LC2PD2R 10 4.00000 5.0000 4.30000 .15275 .48305 
LC2PD2U 10 4.00000 5.0000 4.30000 .15275 .48305 
LC2PD3R 10 4.00000 5.0000 4.40000 .16330 .51640 
LC2PD3U 10 4.00000 5.0000 4.40000 .16330 .51640 
LC2PD4R 10 4.00000 5.0000 4.30000 .15275 .48305 
LC2PD4U 10 4.00000 5.0000 4.30000 .15275 .48305 
LCZPD5R 10 4.00000 5.0000 4.40000 .16330 •51640 
,r7PnsiI 10 4.00000 5.0000 4.20000 .13333 .42164 
RcwMlR 10 .17200 .1720 .17200 . 0 0 0 0 0 •誦込 
RSWMlU 10 .17200 .1720 .17200 .00000 .卵卵® 
RcwM7R 10 .08000 .1720 .15360 .01227 .03879 




STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS ^^^^__ 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .08000 .1720 .13520 .01502 .04751 
RSWM3U 10 .08000 .1720 .13520 .01502 .04751 
RSWM4R 10 .08000 .1720 .13520 .01502 .04751 
RSWM4U 10 .08000 .1720 .15360 .01227 .03879 
RSWM5R 10 .17200 .1720 .17200 .00000 .00000 
RSWM5U 10 .17200 .1720 .17200 .00000 .00000 
LSWMlR 10 .17200 .1720 .17200 .00000 .00000 
LSWMlU 10 .08000 .1720 .15360 .01227 .03879 
LSWM2R 10 .08000 .1720 .15360 .01227 .03879 | 
LSWM2U 10 .08000 .1720 .15360 .01227 .03879 丨 
LSWM3R 10 .08000 .1720 .13520 .0150Z .04751 i 
LSWM3U 10 .08000 .1720 .13520 .01502 .04751 \ 
ISWM4R 10 .08000 .1720 .15360 .01227 .03879 
LSWM4U 10 .17200 .1720 .17200 .00000 .00000 
LSWM5R 10 .17200 .1720 .17200 .00000 .00000 
LSWM5U 10 .17200 .1720 .17200 .00000 .00000 I 
RCH1R 10 11.00000 15.0000 12.30000 .39581 1.25167 
ncHiu 10 11.00000 15.0000 12.30000 .39581 1.25167 
RCH7R 10 11.00000 15.0000 12.30000 .39581 1-25167 丨 
RCH7u 10 11.00000 15.0000 12.60000 -47610 1.50555 
ncH^R 10 11.00000 15.0000 12.60000 .47610 1.50555 
ncH^u 10 11.00000 15.0000 12.80000 .41633 1.31656 
ncM^R 10 11.00000 15.0000 13.40000 .47610 1.50555 
RCH4u 10 11.00000 15.0000 13.50000 .45338 1-43372 
ncu5R 10 11.00000 15.0000 12.90000 .48189 1.52388 
RCH5u 10 11.00000 15.0000 13.50000 .45338 1.43372 
,^HlR 10 11.00000 15.0000 13.00000 .39441 1-24722 
,^ "：„ 10 11.00000 121.0000 23.10000 10.88266 34.41398 
之 , ^ u i n 1 0 1 1 . 0 0 0 0 0 1 5 . 0 0 0 0 1 3 . 0 0 0 0 0 . 3 9 4 4 1 1 - 2 4 7 2 2 
L i S z S 1 0 1 1 . 0 0 0 0 0 1 5 . 0 0 0 0 1 3 . 1 0 0 0 0 . 3 7 8 5 9 1 . 1 9 7 2 2 
,^H3R 10 11.00000 15.0000 13.20000 .41633 1.31656 
,^H^U 10 11.00000 15.0000 12.70000 .39581 1.25167 
r ^ " f p 10 11.00000 15.0000 12.70000 .39581 1 - 2 ^ 6 7 
L ^ " 1 5 i 0 U 0 0 0 0 0 1 5 . 0 0 0 0 1 3 . 5 0 0 0 0 . 4 5 3 3 8 1 . 4 3 3 7 2 
W ^ t ^ lQ ll.00000 15.0000 13.40000 .40000 1.26491 




Normative value of functional sensibility 
(Female: age 10-19，mean 二 18.5) 
——…- -• • 一 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS ^ ^ ^ ^ ^ 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RM2PDlU 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RM2PD2R 10 2.000000 3.00000 2.100000 .1000000 .3162278 
RM2PD2U 10 2.000000 3.00000 2.100000 .1000000 .3162278 
RM2PD3R 10 Z.000000 3.00000 2.200000 .1333333 .4216370 | 
RM2PD3U 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RM2PD4R 10 2.000000 3.00000 Z.100000 .1000000 .3162278 j 
RM2PD4U 10 2.000000 3.00000 2.100000 .1000000 .3162278 ! 
RM2PD5R 10 2.000000 3.00000 2.300000 .1527525 .4830459 | 
RM2PD5U 10 2.000000 3.00000 2.300000 .1527525 .4830459 | 
RC2PDlR 10 2.000000 2.00000 2.000000 .0000000 .0000000 | 
RC2PDlU 10 2.000000 3.00000 2.100000 .1000000 .3162278 | 
RC2PD2R 10 2.000000 3.00000 2.200000 .1333333 .4216370 
RC2PD2U 10 2.000000 3.00000 2.200000 .1333333 .4216370 
RC2PD3R 10 2.000000 3.00000 2.100000 .1000000 .3162278 
RCZPD3U 10 2.000000 3.00000 2.100000 .1000000 .3162278 
RC2PD4R 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RCZPD4U 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RC2PD5R 10 2.000000 3.00000 2.300000 .1527525 .4830459 | 
RC2PD5U 10 2.000000 3.00000 2.300000 .1527525 .4830459 
LM2PDlR 10 2 000000 2.00000 2.000000 .0^00000 .0000000 
LM2PDlU 10 2.000000 2.00000 2.000000 .0000000 .0000000 
LM2PD2R 10 2.000000 3.00000 2.100000 .1000000 -3162278 1 
,M7Pn7U 10 2.000000 3.00000 Z.100000 .1000000 -3162278 ‘ , u 7 p D 3 R 1 0 z . 0 0 0 0 0 0 2 . 0 0 0 0 0 2 . 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 
,u7pn^u 10 2.000000 3.00000 2.100000 .1000000 .3162278 
,M7pn4R 10 2.000000 3.00000 2.200000 .1333333 .4216370 ,M7pnlu 10 2.000000 2.00000 2.000000 .0000000 .0000000 
,M7pnsR 10 z.000000 3.00000 2.100000 .1000000 -3162278 
,M7pnsu 10 2.000000 3.00000 2.100000 .1000000 -3162278 
,r7pniR 10 2.000000 3.00000 2.300000 .1527525 .4830459 
,^opnTn 10 2.000000 3.O0000 2.400000 .1632993 .5163978 
[r%n7R 10 2.000000 3.00000 2.200000 .1333333 .4216370 
7r%^yn 10 2.000000 3.00000 2.200000 .1333333 .4216370 
,^opnQD 10 2.000000 3.00000 2.200000 .1333333 .4216370 
7 r % ^ Z 10 2.000000 3.00000 2.300000 .1527525 .4830459 
^^7pnlo 10 2.000000 3.00000 2.300000 .1527525 .4830459 
LC7PD4U 10 2.000000 3.00000 Z . 1 0 0 _ . 1 0 0 =， - 3 1 ^ ^ 8 
r%n^tn 10 2.000000 3.00000 2.200000 .1333333 .4216370 
,^7pnsn 10 2.000000 3.00000 2.400000 .1632993 •5163978 
^ll^ll^ 11 015000 .03600 .033900 .0021000 .0066408 
t = = i0 .015000 .03600 .033900 .0021000 .0066408 
^二== 10 .015000 .03600 .029700 .0032078 .0101440 
^sJH^ZU 10 .015000 .03600 .029700 .0032078 .0101440 ^ — — 
- . - . — _ _ _ « _ _ ~ — ^ — — ‘ 
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STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .015000 .03600 .027600 .0034293 .0108444 
RSWM3U 10 .015000 .03600 .031800 .0028000 .0088544 
RSWM4R 10 .015000 .03600 .031800 .0028000 .0088544 丨 
RS_4U 10 .015000 .03600 .033900 .0021000 .0066408 | 
RSWM5R 10 .036000 .03600 .036000 .0000000 .0000000 | 
RSWM5U 10 .015000 .03600 .033900 .0021000 .0066408 
LSWMlR 10 .036000 .03600 .036000 .0000000 .0000000 
LSWMlU 10 .036000 .03600 .036000 .0000000 .0000000 ； 
LSWM2R 10 .015000 .03600 .031800 .0028000 .0088544 
LSWM2U 10 .015000 .03600 .033900 .0021000 .0066408 丨 
ISWM3R 10 .015000 .03600 .033900 .0021000 .0066408 
lSWM3U 10 015000 .03600 .033900 .0021000 .0066408 丨 
LSWM4R 10 .036000 .03600 .036000 .0000000 .0000000 
LSWM4U 10 .015000 .03600 .031800 .0028000 .0088544 
LSWM5R 10 .036000 .03600 .036000 .0000000 .0000000 
LSWM5U 10 .036000 .03600 .036000 .0000000 .0000000 | 
ncH1R 10 8.500000 9.50000 9.050000 .0897527 .2838231 
RCHiu 10 8.500000 9.50000 9.100000 .1000000 .316Z278 
ocu2R 10 8.000000 9.50000 8.950000 .1166667 .3689324 
n<;H7M 10 8 000000 9.00000 8.900000 .1000000 .3162278 
n c u ^ R 1 0 8 : 0 0 0 0 0 0 1 0 . 0 0 0 0 0 9 . 0 5 0 0 0 0 . 1 5 7 2 3 3 0 . 4 9 7 2 1 4 5 
ncH^u 10 8.000000 10.00000 9.050000 .1572330 .4972145 
ncu4R 10 8.500000 10.00000 9.150000 .1301708 .4116363 ！ 
ncu4u 10 8.000000 10.00000 9.050000 .1572330 .4972145� 》�
ncucn 10 8 . 0 0 0 0 0 0 1 0 . 0 0 0 0 0 9 . 0 0 0 0 0 0 .1666667 -5270463 
ncusn 10 8.000000 10.00000 9.100000 .1795055 .5676462 
icuTo 10 8.000000 10.00000 8.950000 .1572330 .4972145 
,^H1U 10 8.000000 9.50000 8.950000 .1166667 .3689324 
,^HOR 10 8.000000 9.50000 8.900000 .1247219 .3944053 
i^CoM 10 8 . 0 0 0 0 0 0 9 . 0 0 0 0 0 8 . 9 0 0 0 0 0 .1000000 -3162278 
, ^ u ^ 10 8 . 0 0 0 0 0 0 1 0 . 0 0 0 0 0 9 . 0 0 0 0 0 0 .1490712 . 4 7 1 4 0 ^ 
, c u | S 10 8 . 0 0 0 0 0 0 1 0 . 0 0 0 0 0 8 . 9 5 0 0 0 0 .1572330 .4972145 
L i H 4 R 1 0 8 . 0 0 0 0 0 0 1 0 . 0 0 0 0 0 9 . 1 0 0 0 0 0 - 1 7 9 5 0 5 5 - 5 6 7 6 ^ 2 
, | ^ n 10 8 . 0 _ 0 10.00000 9.000000 .1490712 .4714045 
, t ^ n 10 8.000000 10.00000 9.050000 .189Z969 . 5 9 8 6 ^ 
[ l ^ 10 8.000000 10.00000 9.050000 .189Z969 . 5 9 8 6 ^ 
‘ _ . „ _ „ — -. - - - - …― 
V 
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Normative value of functional sensibility 
(Female: age 50-59, mean 二 56.3) 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 2.000000 3.00000 2.200000 .1333333 .4216370 
RM2PDlU 10 2.000000 3.00000 2.200000 .1333333 .4216370 
RM2PD2R 10 2.000000 3.00000 2.100000 .1000000 .3162278 | 
RM2PD2U 10 2.000000 3.00000 2.100000 .1000000 .3162278 
RM2PD3R 10 2.000000 3.00000 2.100000 .1000000 .3162278 |j 
RM2PD3U 10 2.000000 3.00000 2.200000 .1333333 .4216370 
RM2PD4R 10 2.000000 2.00000 Z.000000 .0000000 .0000000 j 
RM2PD4U 10 2.000000 2.00000 2.000000 .0000000 .0000000 
RM2PD5R 10 2.000000 3.00000 2.100000 .1000000 .3162278 | 
RM2PD5U 10 2.000000 3.00000 2.100000 .1000000 .3162278 | 
RC2PDlR 10 2.000000 3.00000 2.300000 .1527525 .4830459 1 
RC2PDlU 10 2.000000 3.00000 2.300000 .1527525 .4830459 
RC2PD2R 10 2.000000 3.00000 2.300000 .1527525 .4830459 
RC2PD2U 10 2.000000 3.00000 2.300000 .1527525 .4830459 
RC2PD3R 10 2.000000 3.00000 2.100000 .1000000 .3162278 
RC2PD3U 10 2.000000 3.00000 2.100000 .1000000 .3162278 
RC2PD4R 10 2.000000 3.00000 2.400000 .1632993 .5163978 
RC2PD4U 10 2.000000 3.00000 2.300000 .1527525 .4830459 
RC7pD5R 10 2.000000 3.00000 2.300000 .1527525 .4830459 
RC2PD5U 10 2.000000 3.00000 2.400000 .1632993 .5163978 ,u7pmD 10 2 000000 3.00000 2.100000 .1000_0 -3162278 
,M7pmu 10 2.000000 3.00000 2.100000 .1000000 -3162278 
,M7pn7R 10 2.000000 3.00000 2.400000 .1632993 .5163978 
,M7pn7U 10 2.000000 3.00000 2.300000 .1527525 .4830459 , u 7 p n o R 1 0 2 . 0 0 0 0 0 0 2 . 0 0 0 0 0 2 . 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 
,MopD3u 10 2.000000 3.00000 2.100000 .1000000 .3162278 
LM2PD4R 10 2.000000 3.00000 2.300000 .1527525 .4830459 
LM2PD4U 10 2.000000 3.00000 2.300000 .1527525 .4830459 
^u2pB^R 10 2.000000 3.00000 2.200000 .1333333 .4216370 
LMZpSsU 10 2.000000 3.00000 2,200000 .1333333 .4216370 
[ ^ c l S 11 2.000000 3.00000 2.300000 .1527525 .4830459 
LC2PDlU 10 2.000000 3.00000 2.300000 .1527525 .4830459 
LcZpSzR 10 2.000000 3.00000 Z.300000 .1527525 .4830459 
LCZPD2U 10 2.000000 3.00000 2.300000 .1527525 .4830459 
,^.pn^n 10 2.000000 3.00000 2.500000 .1666667 .5270463 
[ l l Z l l 10 2 000000 3.00000 2.600000 .1632993 .5163978 
t c 2 P D 4 R 1 0 2 . 0 0 0 0 0 0 3 . 0 0 0 0 0 2 . 3 0 0 0 0 0 - 1 5 2 7 5 2 5 - 4 8 3 0 4 5 9 
[rlnnAu 10 7 000000 3.00000 2.300000 .1527525 .4830459 
[^,lll^. 11 l m Z Z ^00000 2.200000 .1333333 .4216370 
[ ^ , l l l l l 1 1 2 0 0 0 0 0 0 3 . 0 0 0 0 0 2 . 4 0 0 0 0 0 . 1 6 3 2 9 9 3 . 5 1 6 3 9 7 8 
^^.Z^R 10 .008000 .03600 .029000 .0036148 .0114310 
5 � S J ^ $ 1 0 0 1 5 0 0 0 . 0 3 6 0 0 . 0 2 9 7 0 0 . 0 0 3 2 0 7 8 . 0 1 0 1 4 4 0 
^二巧 11 ：008^ .03600 .031100 .0033081 .0104610 
$ • = • 5 10 .008000 .03600 .029000 .0036148 .0114310 
• • V 
-—— ‘ 
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STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS ^^^^__ 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .008000 .03600 .031100 .0033081 .0104610 
RSWM3U 10 .008000 .03600 .026900 .0037696 .0119206 
RSWM4R 10 .008000 .03600 .024800 .0037912 .0119889 
RSWM4U 10 .008000 .03600 .026900 .0037696 .0119206 
RSWM5R 10 .008000 .03600 .033200 .0028000 .0088544 | 
RSWM5U 10 .015000 .03600 .029700 .0032078 .0101440 || 
LSWMlR 10 .015000 .03600 .031800 .0028000 .0088544 
LSWMlU 10 .015000 .03600 .0Z9700 .0032078 .0101440 
LSWM2R 10 .008000 .03600 .029000 .0036148 .0114310 
LSWM2U 10 .008000 .03600 .033200 .0028000 .0088544 
LSWM3R 10 .008000 .03600 .033200 .0028000 .0088544 
LSWM3U 10 .008000 .03600 .031100 .0033081 .0104610 
LSWM4R 10 .008000 .03600 .031100 .0033081 .0104610 
LSWM4U 10 .008000 .03600 .031100 .0033081 .0104610 
ISWM5R 10 .008000 .03600 .031100 .0033081 .0104610 
LSWM5U 10 .015000 .03600 .031800 .00Z8000 .0088544 
RSHlR 10 8.000000 10.00000 9.250000 .2140872 .6770032 
RSHlU 10 8.000000 10.50000 9.450000 .2291288 .7245688 
RSH2R 10 9.000000 10.50000 9.650000 .1500000 .4743416 
RSH2U 10 9.000000 10.00000 9.500000 .1490712 .4714045 
ncu3D 10 9 000000 10.00000 9.400000 .1247219 .3944053 
ncu3U 10 9.000000 10.00000 9.350000 .1301708 .4116363 
RCH4R 10 9.000000 10.00000 9.300000 .1333333 .4216370 
ncu4n 10 9.000000 10.00000 9.400000 .1452966 .4594683 
ncusR 10 8.000000 10.00000 9.200000 .1699673 .5374838 1 
ncHsu 10 8.000000 11.00000 9.450000 .2522124 .7975657 
,cHiR 10 8.500000 9.50000 9.300000 .110554Z .3496029 
,^uTn 10 9.000000 10.00000 9.400000 .1000000 -3162278 
,cu7R 10 9.000000 10.00000 9.450000 .1384437 .4377975 
,^H7M 10 9 000000 10.00000 9.450000 .1384437 .4377975 
,ruoD 10 9.000000 10.00000 9.400000 .1452966 .4594683 
,cSiS 10 9.000000 10.00000 9.300000 .1105542 .3496029 
,cH4R 10 8.000000 10.00000 9.250000 .1863390 -5892556 
LSH4U 10 9.000000 10.00000 9.550000 .1384437 .4377975 
r\uto 10 8.000000 10.00000 9.350000 .1979057 -6258328 
LSH5U 10 8.000000 10.00000 9.350000 .1979057 -6258328 
.? 
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Normative value of functional sensibility 
(Female: age 50-59, mean 二 56.3) 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 2.00000 4.00000 3.00000 .1490712 .4714045 
RMZPDlU 10 2.00000 4.00000 3.00000 .1490712 .4714045 
RM2PD2R 10 2.00000 4.00000 2.90000 .1795055 .5676462 
RM2PD2U 10 2.00000 4.00000 2.90000 .1795055 .5676462 
RM2PD3R 10 2.00000 3.00000 2.60000 .1632993 .5163978 , 
RM2PD3U 10 2.00000 3.00000 2.70000 .1527525 .4830459 
RM2PD4R 10 2.00000 3.00000 2.90000 .1000000 .3162278 
RM2PD4U 10 2.00000 3.00000 2.90000 .1000000 .3162278 
RM2PD5R 10 2.00000 3.00000 2.80000 .1333333 .4216370 
RM2PD5U 10 2.00000 4.00000 2.90000 .1795055 .5676462 
RC2PDlR 10 3.00000 4.00000 3.50000 .1666667 .5270463 
RC2PDlU 10 3.00000 4.00000 3.60000 .1632993 .5163978 
Rf"?PD2R 10 2.00000 4.00000 3.10000 .1795055 .5676462 | 
Rr7pD2u 10 2.00000 4.00000 3.00000 .1490712 .4714045 
RC2PD3R 10 3.00000 4.00000 3.30000 .1527525 .4830459 
nr7pn3u 10 3.00000 4 .00000 3.40000 .1632993 .5163978 
nr7pD4R 10 3.00000 4.00000 3.40000 .1632993 .5163978 
RC7PD4u 10 3.00000 4.00000 3.40000 .1632993 .5163978 
R C 7 P D 5 R 1 0 3 . 0 0 0 0 0 4 . 0 0 0 0 0 3 . 4 0 0 0 0 . 1 6 3 2 9 9 3 . 5 1 6 3 9 7 8 
n^ppnsu 10 3.00000 4.00000 3.60000 .1632993 .5163978 
,uopmR 10 2.00000 4.00000 3.00000 .2108185 -6666666 
LM2pm5 10 2.00000 4.00000 2.90000 .1795055 .5676462 
[ ^ l n l ^ I0 2.00000 3.00000 2.80000 .1333333 .4216370 ^ 
]^lplll I0 2.00000 3.00000 2.80000 .1333333 .4216370 | 
,M7pn3R 10 2.00000 4.00000 3.00000 .2108185 .6666666 
[ l l l l l l 1 1 l 0 0 0 0 0 4 . 0 0 0 0 0 3 . 1 0 0 0 0 . 1 7 9 5 0 5 5 . 5 6 7 6 4 6 2 
\ ^ l l l l l 1 1 l 0 0 0 0 0 3 . 0 0 0 0 0 2 . 9 0 0 0 0 . 1 0 0 0 0 0 0 . 3 1 6 2 2 7 8 
二，=5 10 2 00000 3.00000 2.90000 .1000000 .3162278 
[^ll^^ 10 2 00000 3.00000 2.90000 .1000000 .3162278 
\lll^Z 11 z Z Z 3.00000 2.90000 .1000000 .3162278 
[ ^ c l S 11 3 00000 4.00000 3.70000 .1527525 .4830459 
[rfn^U 10 3.00000 4.00000 3.70000 .1527525 .4830459 
[ 2 。 = 10 3 00000 4.00000 3.50000 .1666667 .5270463 
L ^ ^ P D 2 R 1 0 l ' l l l l l I 0 0 0 0 0 3 . 1 0 0 0 0 . 1 0 0 0 0 0 0 . 3 1 6 2 2 7 8 
L ^ 2 P D 2 U 1® 3 0 0 0 0 0 4 . 0 0 0 0 0 3 . 3 0 0 0 0 . 1 5 2 7 5 2 5 . 4 8 3 0 4 5 9 
LC2PD3R 10 ^ ' S 4.00000 3.20000 .1333333 .4216370 LC2PD3U 10 3 0 S 0 3.00000 3.00000 .0000000 ‘®®®®®®® 
L C 2 P D 4 R 1 0 l ' l l l l l l 0 0 0 0 0 3 . 3 0 0 0 0 . 1 5 2 7 5 2 5 . 4 8 3 0 4 5 9 
L C 2 P D 4 U 1 0 I ' l l l l l 4 0 0 0 0 0 3 . 2 0 0 0 0 . 2 0 0 0 0 0 0 . 6 3 2 4 5 5 5 
L C 2 P D 5 R 1 0 l l l l l l 4 0 0 0 0 0 3 . 4 0 0 0 0 . 1 6 3 2 9 9 3 . 5 1 6 3 9 7 8 
LCZPD5U 1® Zi6QQ 17200 .07160 .0131244 .0415029 
= 二 11 -03600 ：17200 .07160 .0131244 .0415029 
RSWMlU 1® 二 二 17200 .06720 .0135424 .0428247 
S ' z 5 1 0 0 3 6 0 0 : i 7 l Z . 0 6 7 Z 0 . 0 1 3 ) 5 r Z 4 . 0 4 Z 8 Z 4 7 ~ " ~ " " ^ ^ 
‘ 
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STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS ^^^^__ 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .03600 .17200 .06720 .0135424 .0428247 
RSWM3U 10 .03600 .17200 .07160 .0131244 .0415029 
RSWM4R 10 .03600 .17200 .06720 .0135424 .0428247 
RSWM4U 10 .03600 .17Z00 .^8080 .0165548 .0523510 
RSWM5R 10 .03600 .17200 .07600 .0125220 .0395980 
RSWM5U 10 .03600 .17200 .07600 .0125220 .0395980 
LSWMlR 10 .03600 .17200 .07600 .0125220 .0395980 
LSWMlU 10 .03600 .08000 .06680 .0067211 .0212540 
LSWM2R 10 .01500 .17200 .07390 .0134118 .0424119 
LSWM2U 10 .01500 .17200 .06950 .0139022 .0439627 
ISWM3R 10 .03600 .17200 .09000 .0188962 .0597551 
LSWM3U 10 .03600 .17200 .08520 .0157993 .0499618 
IswM4R 10 .03600 .17200 .08080 .0165548 .0523510 
LSWM4U 10 .03600 .17200 .07600 .0125220 .0395980 
LSWM5R 10 .03600 .17200 .07600 .0125220 .0395980 
LswM5U 10 .03600 .17200 .08520 .0157993 .0499618 
ocuiD 10 9 50000 11.00000 10.05000 .1166667 .3689324 
RSHiu 10 9.50000 11.00000 10.10000 .1247219 .3944053 
ncu7R 10 10.00000 10.50000 10.05000 .0500000 .1581139 
ncu2u 10 9.50000 10.50000 10.10000 .1000000 -3162278 
ncM^R 10 9.00000 11.00000 10.05000 .1572330 .4972145 
RCH3u 10 9.50000 11.00000 10.00000 .1290994 .4082483 
o c u A R 1 0 9 . 5 0 0 0 0 1 1 . 0 0 0 0 0 1 0 . 0 0 0 0 0 . 1 4 9 0 7 1 2 . 4 7 1 4 0 4 5 
RcuIu 10 9.00000 11.00000 10.00000 .1666667 .5270463 
p|uco 10 9 50000 11.00000 10.20000 .2000000 .6324555 
RcucM 10 9:50000 11.00000 10.15000 .1301708 .4116363 
icM^R 10 9.50000 11.00000 10.00000 .1290994 .4082483 
,ruTn 10 9.00000 11.00000 9.90000 .1632993 .5163978 
,^u7R 10 9.00000 11.00000 10.05000 .1572330 .4972145 
,^u7M 10 9.00000 11.00000 10.00000 .1490712 .4714045 
,^HOR 10 9.00000 11.00000 10.20000 .1699673 -5374838 
[ l u l n 1 0 9 . 0 0 0 0 0 1 1 . 0 0 0 0 0 1 0 . 0 0 0 0 0 . 1 8 2 5 7 4 2 . 5 7 7 3 5 0 3 
,^HAR 10 9.50^00 11.00000 10.05000 .1384437 -4377975 
[ l ^ u Z 1 0 9 . 5 0 0 0 0 1 0 . 5 0 0 0 0 9 . 9 5 0 0 0 . 0 8 9 7 5 2 7 . 2 8 3 8 2 3 1 
,^"cR 10 9.00000 10.50000 9.95000 .1166667 .3689324 
LSH5U 10 9.00000 10.50000 9.95000 .1384437 .4377975 
__ • _ _, _ ^ .••— _•• 
.¥ 
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Normative value of functional sensibility 
(Female: age 50-59, mean 二 56.3) 
| S T A T I S T I C A | D e s c r i p t i v e S t a t i s t i c s 
B A S I C N o f C a s e s = 2 0 ; S e l e c t e d C a s e s = 1 0 
S T A T I S T I C S ^ 
~ N r ^ ~ ~ I Max~~I“iJ^“^I S t d . E r r . | S t d . D e v . 
n u o p D l R 1 0 2 . 0 0 0 0 0 3 . 0 0 0 0 0 2 . 6 0 0 0 0 . 1 6 3 2 9 9 3 . 5 1 6 3 9 8 
Z l l l l l 1 0 2 . 0 0 0 0 0 3 . 0 0 0 0 0 2 . 5 0 0 0 0 . 1 6 6 6 6 6 7 - 5 2 7 0 4 6 
Z Z l m 1 0 ^ 0 0 0 0 0 3 . 0 0 0 0 0 2 . 2 0 0 0 0 . 1 3 3 3 3 3 3 . 4 2 1 6 3 7 , 
Z l S 1 0 2 0 0 0 0 0 3 . 0 0 0 0 0 2 . 3 0 0 0 0 . 1 5 2 7 5 2 5 - 4 8 3 0 4 6 | 
Z f p S 1 0 2 0 0 0 0 0 3 . 0 0 0 0 0 2 . 7 0 0 0 0 . 1 5 2 7 5 2 5 . 4 8 3 0 4 6 
Z f p l l l 1 0 2 . 0 0 0 0 0 3 . 0 0 0 0 0 2 . 9 0 0 0 0 . 1 0 0 0 0 0 0 ' l ^ l l l 
^ ^ p ^ R i 0 2 . 0 0 0 0 0 4 . 0 0 0 0 0 2 . 9 0 0 0 0 . 1 7 9 5 0 5 5 - 5 6 7 6 4 6 
Z f p m l 1 0 2 . 0 0 0 0 0 3 . 0 0 0 0 0 2 . 8 0 0 0 0 . 1 3 3 3 3 3 3 . 4 2 1 6 3 7 
^ l l ^ ^ 1 0 2 0 0 0 0 0 4 . 0 0 0 0 0 3 . 0 0 0 0 0 . 1 4 9 0 7 1 2 - 4 7 1 4 0 5 
Z f p l ^ \ l Z m Z 4 . 0 0 0 0 0 2 . 9 0 0 0 0 . 1 7 9 5 0 5 5 . 5 6 7 6 4 6 *^ZPpH j;l ^ ' ^ l ^ ^ 4 00000 3.10000 .1000000 .316228 二 5 S 2 00000 t : 2 S 3.00000 . 1 4 9 = = 
l ^ , l l l ^ 1 0 2 0 0 0 0 0 4 . 0 0 0 0 0 2 . 7 0 0 0 0 . 2 1 3 4 3 7 5 - 6 7 4 9 4 9 ,. 
RCZPD$R :^ ^ 7^^rjna 4 00000 2.80000 .2000000 .632456 , 
^ ¾ : 5 S r . s s 3 二 s f 6 
二 : 5 s^:foS : s s i : S e 
= R : S ^ ; ¾ 滥 諾 : ¾ 
R C 2 P D 5 U 1 0 2 . 0 0 0 0 0 4 . 0 0 0 0 0 ^ ^ . 1 4 9 0 7 1 2 . 4 7 1 4 0 5 
L M 2 P D l R 1 0 2 . 0 0 0 0 0 4 . 0 0 0 0 0 3 . 1 3 3 3 3 3 3 . 4 2 1 6 3 7 
L M 2 P D l U 1 0 2 . 0 0 0 0 0 3 . 0 0 0 0 0 ^ ^ . 1 6 6 6 6 6 7 . 5 2 7 0 4 6 
L M 2 P D 2 R 1 0 2 . 0 0 0 0 0 3 . 0 0 0 0 0 • . 2 1 3 4 3 7 5 . 6 7 4 9 4 9 
L M 2 P D 2 U 1 0 2 . 0 0 0 0 0 4 . 0 0 0 0 0 ^ ^ ^ . 2 1 3 4 3 7 5 . 6 7 4 9 4 9 
L M 2 P D 3 R 1 0 2 . 0 0 0 0 0 4 . 0 0 0 0 0 ^ ^ ^ ^ ^ ^ . 1 5 2 7 5 2 5 . 4 8 3 0 4 6 
L M 2 P D 3 U 1 0 2 . 0 0 0 ^ 1 ' ¾ 2 ^ 0 0 . 1 0 0 0 0 0 0 . 3 1 6 2 2 8 
L M 2 P D 4 R 1 0 l ' l l l 2 l Z l Z 3 0 0 0 0 0 . 1 4 9 0 7 1 2 . 4 7 1 4 0 5 
L M 2 P D 4 U 1 0 2 . 0 0 0 ^ ^ - ¾ 2 9 0 0 0 0 . 1 _ 0 0 柳 - 3 1 6 2 2 8 
LM2PD5R 1® 2.00000 3.00000 ^ g g .1000000 .3162Z8 
L M 2 P D 5 U 1 0 m Z l l ' l l l l l 3 2 0 0 0 0 . 1 3 3 3 3 3 3 . 4 2 1 6 3 7 
s s : 5 S ^ 器 - : 二 
^ : S • : 二 : s | : | i i i i l l l i 
R S W M l R 1 0 ' l l l l l ' K l Z 1 0 4 0 0 . 0 2 2 6 6 6 7 . 0 7 1 6 7 8 
R S W M l U 1 0 ' S . 沒 二 1 0 3 6 0 . 0 1 9 4 6 3 5 . 0 6 1 5 4 9 
二5 I lo |^JgJ_jgLL_!! ! ! ! i_^^^^^^^~i~^^ 
I “ " • " ^ 
- . - - -. . . . — . • - - -
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STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS ^ ^^^__ 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RSWM3R 10 .03600 .17200 .08480 .0106299 .033615 
RSWM3U 10 .08000 .17200 .11680 .0150235 .047509 
RSWM4R 10 .03600 .17200 .10800 .0182233 .057627 
RSWM4U 10 .03600 .17200 .10800 .0182233 .057627 
RSWM5R 10 .03600 .17200 .09880 .0169081 .053468 
RSWM5U 10 .03600 .17200 .10320 .0156154 .049380 
LSWMlR. 10 .03600 .17200 .08960 .0148617 .046997 
LSWMlU 10 .03600 .17200 .10800 .0182233 .057627 
LSWM2R 10 .03600 .08000 .06240 .0071852 .022722 
LSWM2U 10 .03600 .17200 .08080 .0165548 .052351 
LSWM3R 10 .03600 .17200 .09800 .0170255 .053839 
LSWM3U 10 .03600 .17200 .09880 .0169081 .053468 
LSWM4R 10 .03600 .17200 .10360 .0194635 .061549 
LSWM4U 10 .03600 .17200 .10800 .0182233 .057627 ‘ 
LSWM5R 10 .03600 .17200 .11240 .0167645 .053014 f 
LSWM5U 10 .08000 .17200 .12600 .0153333 .048488� 、�
RSHlR 10 9.00000 12.00000 10.20000 .2808717 .888194 i 
RSHlU 10 9.50000 12.00000 10.45000 .2522124 .797566 , 
RSH2R 10 9.00000 13.00000 10.50000 .3333333 1.054093 t 
RSH2U 10 8.50000 13.00000 10.45000 .4437842 1.403369 j 
RSH3R 10 9.50000 11.00000 10.15000 .1301708 .411636 | 
RSH3U 10 9.50000 11.50000 10.30000 .1855921 .586894 |> 
RSH4R 10 8.50000 11.50000 10.25000 .3095696 .978945 
RSH4U 10 10.00000 11.00000 10.40000 .1452966 .459468 
RSH5R 10 9.50000 11.00000 10.20000 .1527525 .483046 
RSH5U 10 9.50000 11.00000 10.35000 .1674979 .529675 
LSHlR 10 8.00000 12.00000 10.45000 .3287180 1.039498 
LSHlU 10 9.50000 12.00000 10.60000 .2211083 .699206 
LSHZR 10 9.50000 12.00000 10.50000 .2357023 .745356 
LSH2U 10 8.50000 12.00000 10.20000 .2905933 .918937 
L5H3R 10 9.50000 11.00000 10.15000 .1301708 .411636 
LSH3U 10 8.50000 11.00000 9.95000 .2166667 .685160 
LSH4R 10 9.50000 11.50000 10.15000 .1833333 .579751 
LSH4U 10 9.00000 11.00000 10.10000 .1943651 .614636 
LSH5R 10 8.50000 11.00000 10.00000 .2236068 .707107 
LSH5U 10 10.00000 12.00000 10.70000 .2603416 -823273 





Normative value of functional sensibility 
(Female: age 50-59, mean 二 56.3) 
STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RM2PDlR 10 3.00000 4.00000 3.80000 .1333333 .421637 
RM2PDlU 10 3.00000 4.00000 3.80000 .1333333 .421637 
RM2PD2R 10 3.00000 4.00000 3.70000 .1527525 .483046 
RM2PD2U 10 3.00000 4.00000 3.50000 .1666667 .527046 
RMZPD3R 10 3.00000 4.00000 3.50000 .1666667 .527046 
RM2PD3U 10 3.00000 4.00000 3.70000 .1527525 .483046 
RM2PD4R 10 3.00000 4.00000 3.60000 .1632993 .516398 
RM2PD4U 10 3.00000 4.00000 3.60000 .1632993 .516398 
RM2PD5R 10 3.00000 4.00000 3.50000 .1666667 .527046 
RM2PD5U 10 3.00000 4.00000 3.60000 .1632993 .516398 
RC2PDlR 10 3.00000 5.00000 4.10000 .1795055 .567646 
RC2PDlU 10 3.00000 5.00000 4.00000 .1490712 .471405 
RC2PD2R 10 4.00000 5.00000 4.10000 .1000000 .316228 
RC2PD2U 10 3.00000 5.00000 3.90000 .1795055 .567646 
RC2PD3R 10 3.00000 5.0000.0 3.80000 .2000000 .632456 
RC2PD3U 10 3.00000 5.00000 3.90000 .1795055 .567646 
RC2PD4R 10 3.00000 5.00000 4.00000 .1490712 .471405 
RC2PD4U 10 4.00000 5.00000 4.10000 .1000000 .316228 ： 
RC2PD5R 10 3.00000 5.00000 4.10000 .1795055 .567646 
RC2PD5U 10 3.00000 5.00000 4.10000 .1795055 .567646 
LM2PDlR 10 3.00000 4.00000 3.80000 .1333333 .421637 j. 
LMZPDlU 10 3.00000 4.00000 3.60000 .1632993 .516398 i 
LM2PD2R 10 3.00000 4.00000 3.70000 .1527525 .483046 
LM2PD2U 10 3.00000 4.00000 3.50000 .1666667 .527046 
LM2PD3R 10 3.00000 4.00000 3.30000 .1527525 .483046 
LM2PD3U 10 3.00000 4.00000 3.60000 .1632993 .516398 
LM2PD4R 10 3.00000 4.00000 3.70000 .1527525 .483046 
LM2PD4U 10 3.00000 4.00000 3.70000 .1527525 .483046 
LM2PD5R 10 3.00000 4.00000 3.40000 .1632993 .516398 
LM2PD5U 10 3.00000 4.00000 3.40000 .1632993 .516398 
LCZPDlR 10 3.00000 5.00000 3.90000 .1795055 .567646 
LC2PDlU 10 3.00000 4.00000 3.90000 .1000000 •316228 
LC2PD2R 10 3.00000 5.00000 3.90000 .1795055 .567646 
LC2PD2U 10 3.00000 5.00000 3.90000 .1795055 .567646 
I r7PD3R 10 3.00000 5.00000 3.90000 .1795055 .567646 
, r 7 p n 3 u 1 0 3 . 0 0 0 0 0 4 . 0 0 0 0 0 3 . 9 0 0 0 0 . 1 0 0 0 0 0 0 . 3 1 6 Z Z 8 
LC2PD4R 10 4.00000 5.00000 4.10000 .1000000 .316Z28 
,r7pn4u 10 3.00000 4.00000 3.80000 .1333333 .421637 
‘ ,r7pD5R 10 3.00000 4.00000 3.80000 .1333333 .421637 
,r7pnsiJ 10 3.00000 4.00000 3.80000 .1333333 -421637 
RcwMir 10 .03600 .17200 .15840 .0136000 -043007 
ncwMlU 10 .03600 .17200 .14000 .0167279 .052898 
RSWMZR 10 .03600 .17200 .14000 .0167279 .052898 
RsJ|M2U 10 .03600 .17200 .14000 .0167279 .052898 
< 
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STATISTICA Descriptive Statistics 
BASIC N of Cases = 20; Selected Cases = 10 
STATISTICS ^^^^__ 
N Min Max Mean Std.Err. Std.Dev. 
Variable 
RS_3R 10 .08000 .17200 .16280 .0092000 .029093 
RSWM3U 10 .08000 .17200 .16280 .0092000 .0Z9093 
RSWM4R 10 .03600 .17200 .14920 .0155498 .049173 
RSWM4U 10 .03600 .17200 .14920 .0155498 .049173 
RSWM5R 10 .03600 .17200 .14920 .0155498 .049173 
RSWM5U 10 .03600 .17200 .14920 .0155498 .049173 
LSWMlR 10 .03600 .17200 .14920 .0155498 .049173 
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Poor:>15mm, Fair:ll-15mm, Good:7-10mm, Excellent:2-6mm 
Examiner 
Examiner 2 Poor Fair Good Excellent Total 
— P o o r — 21 0 ~ " 0 ~ 0 一 21一 
Fair “ 1 4 0 0 5 
Good 0 0 7 0 7 
Excellent 0 0 0 Q Q 
Total 22 4 7 0 33 
Recovery of cutaneous pressure threshold at three weeks post operation (control 
group) 
Examiner 
Examiner 2 Poor Fair Good ExcellenT Total 
~ ^ o r — 19 0 0 _ 0 19 
Fair 1 i 0 0 2 _ 
Good 0 0 11 0 n _ 
Excellent 0 0 0 0 0 _ 
~ ^ ^ r ~ ^ 20 ~ 1 11 Q 32 
Recovery of cutaneous pressure threshold at three weeks post operation 
(experimental group) 
Examiner 1 
Examiner 2 Poor Fair Good Excellent Total 
~ ~ ^ I Z Z _ _ J _ _ 1 ^ - ^ 
~ ~ F a i r — 0 8 0 ^ § _ 
~ ~ G 5 ^ d ~ " _ _ _ 0 _ 0 14 Q l ~ ^ 4 
Excellent • 0 0 _ 0 Z - 1 _ 
T ^ 2 9 15 7 33 
Recovery of cutaneous pressure threshold at six months post operation (comrd 
group) 
Examiner 1 
Fxpiminer 2 Poor T ^ F a i r Good Excellent Total 
Poor I _ J _ _ ~ 0 ~ Q 0 1 > ~ 
Fair _ J 2 1 _ _ _ 0 4 
Good _ _ _ 0 _ _ 0 17 0 _ _ . 7 
Excellent 0 0 0 W 1 ^ 
~ ~ T ^ ~ ~ 2 2 18 10 32 




Examiner 2 Poor Fair Good Excellent Total 
- Poor 32 0 — 0 0 32 — 
Fair — 0 _ 1 — 0 0 1 — 
— G o o d 0 0 ~ 0 0 — 0 
-Exce l l en t — 0 0 0 0 0 一 Total 32 1 0 0 33 
Recovery of moving 2PD at three weeks post operation (contro 
group) 
Examiner 
Examiner 2 Poor Fair Good Excellent Total 
— P o o r 31 一 0 - 0 0 31 一 
; ; ^ _ F a h ^ 0 1 0 _ Q 1 
Good 0 0 0 0 0 
Excellent 0 0 0 0 0 _ 
~ t o t a l 31 1 0 0 32 
Recovery of moving 2PD at three weeks post operation 
(experimental group) 
Examiner 
Examiner 2 Poor Fair Good Excellent Total 
~ " P ^ 14 0 Z Z _ _ ^ 0 14 
Fair 0 6 2 1 2 _ 
Good — 0 Q 6 0 ^ 
Excellent 0 __0 0 4 1 _ 
Total 14 6 8 5 — — 3 3 
Table 6.11. Recovery of moving 2PD at six months post operation 
(control group) 
Examiner 
Examiner 2 Poor Fair Good Excellent Total 
~ P ^ r 5 0 _ 0 0 5 
F a L _ _ _ ^ Z I - - - - i 5 _ _ 2 Q ^ 
Good 0 0 _ 1 1 _ ~ ~ | ~ " 
Excellent 0 0 2 _ 9 1 ^ 
~ T 5 t o T ^ 5 10 7 1 0 _ L J 2 J 




Examiner 2 Poor Fair Good Excellent Total 一 Poor - 32 0 0 — 0 " 3 ^ 
— F a i r ~ 0 1 0 0 1 “ 
—Good 0 — 0 — 0 0 0 一 
“Excellent “ 0 0 0 0 0 
—Total 32 1 0 0 33 一 
Recovery of constant 2PD at three weeks post operation (control 
group) 
Examiner 
Examiner 2 Poor Fair Good Excellent Total 
— P o o r — 29 0 _ 0 0 29 
Fair 0 2 — 0 0 2 
Good “ 0 0 “ 1 0 1 _ 
Excellent 0 0 0 0 0 _ 
—Tota l 29 2 1 0 32 
Recovery of constant 2PD at three weeks post operation 
(experimental group) 
Examiner 
"Examiner 2 Poor Fair Good Excellent Total 
~ " P o o r 17 0 — Q 0 17 
~ " " F ^ 1 _ _ _ 7 J Z ^ _ Q 1 ^ 
Good — 0 0 5 0 1 _ 
Excellent 0 0 0 2 2_ 
Total 18 7 5 5 — — 3 3 | 
Recovery of constant 2PD at six months post operation (control 
group) 
Examiner 
F.xp^miner 2 Poor Fair Good Excellent Total 
Poor 7 ~ ~ 0 一_0 2 ^ _ 
F ^ 1 J 2 0 Q ^ 
: ^ G i ^ _ _ 0 0 _ _ _ 3 1 1 _ 
Excellent 0 0 ^ § 1 ^ 
~ ^ E K Z I I I I Z Z . 12 3 ^ 32 
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